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BACKCTniTMn OP nqi; p«jvii;i«JT[^i >f 

This invention relates in general to plant molecular biology and, more 
parhculariy, to a new class of glyphosate-tolerant 5.enolpyruvylshiWte-3. 

phosphate synthases. 

Recent advances in genetic engineering have provided the requisite tools 
to transform plants to contain foreign genes. It is now possible to produce 
plants which have unique characteristics of agronomic importance. Certainly 
one such advantageous trait is more cost effective, environmentally 
compatible weed control via herbicide tolerance. Herbicide-tolerant plants 
may reduce the need for tillage to control weeds thereby effectively reducing 
soil erosion. 

One herbicide which is the subject of much investigation in this regard is 
N-phosphonomethylglycine commonly referred to as glyphosate. Glyphosate 
inhibits the shikimic acid pathway which leads to the biosynthesis of aromatic 
compounds including amino acids, plant hormones and vitamins. Specifically, 
glyphosate curbs the conversion of phosphoenolpyruvic acid (PEP) and 3- 
phosphoshikimic acid to 5-enoipyruvyl-3-phosphoshikimic acid by inhibiting 
the enzyme 5-enolpyruvylshikimate-3-phosphate synthase (hereinafter 
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referred to as EPSP synthase or EPSPS). For purposes of the present 
.nvention the tenn "glyphosate" should be considered to include any 
herbxadally effective form of N-phosphonomethylglycine (including any salt 
thereofi and other forms which result in the production of the glyphosate Lion 
in planta. 

It has been shown that glyphosate-tolerant plants can be produced by 
inserting into the genome of the plant the capacity to produce a higher level of 
EPSP synthase m the chloroplast of the cell (Shah et al., 1986) which enzyme 
IS preferably glyphosate-tolerant (Kishore etal. 1988). Variants of the wild- 
type EPSPS enzyme have been isolated which are glyphosate-tolerant as a 

It oT" '"^^ ^^^^^ ""^^ ^^^'^^ (Kishore and 

Shah, 1988; Schulz et al., 1984; Sost et aL, 1984; Kishore et al., 1986) These 

variants typically have a higher K, for glyphosate than the wild-type EPSPS 
enzyme which confers the glyphosate-tolerant phenotype, but these variants 
are also characterized by a high K„, for PEP which makes the enzyme 
kmetically less efficient (Kishore and Shah, 1988; Sost et al., 1984; Schulz et 
al., 1984; Kishore et al., 1986; Sost and Amrhein, 1990). For example the 
apparent Ko, for PEP and the apparent K^ for glyphosate for the native EPSPS 
from E. coii are 10 and 0.5 uM while for a glyphosate-tolerant isolate 
having a single amino add substitution of an alanine for the glycine at position 
96 these values are 220 and 4.0 mM. respectively. A number of 
glyphosate-tolerant plant variant EPSPS genes have been constructed by 
mutagenesis. Again, the glyphosate-tolerant EPSPS was impaired due to an 
increase in the K„ for PEP and a slight reduction of the V„3x of the native plant 
enzyme (Kishore and Shah, 1988) thereby lowering the catalytic efficiency 
(Vmax/Km) of the enzyme. Since the kinetic constants of the variant enzymes 
are impaired with respect to PEP, it has been proposed that high levels of 
overproduction of the variant enzyme, 40-80 fold, would be required to 
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While such variant EPSP synthases have proved useful in • ■ 

needed to be produced to nmintain normal catalytic activity in T !^ 
redu.^orthatin.pr.edto,e™nceheohtained.rthesrre:^l^^^^^ 
Previous studaes have shown that EPSPS enzyn.es from diffZ; 

giypnosate. A study of plant and bacterial FP<5Pq 
fianctionof^lyphosateconcentrationshortLtZ^v:;^^^^^ ' 

^^ede^ree Of sensitivity to^lyphosate. The de^ orseLJStlZ 
»^^.on w,th any genus or species tested (Schulz « a/.. 1986^^ 

^2 82 has also been reported but «.th no detaiU of the studies (Ktzgibbon 
1988X In general, whale such natural tolerance has been reported, the^ is no 
report suggesting the kinetic superiority of the naturally occurring ba^ri j 
glyphosate-tolerant EPSPS eazyn.es over those of n.utated EPSPS enzyn.es 
nor have any of the genes been characterized. Sinnlarly, there are no re^ 
on the expression of naturally glyphosate-tolerant EPSPS enzymes in plants 
to confer glyphosate tolerance. 

For purposes of the present invention the term "mature EPSP 
synthase- relates to the EPSPS polypeptide without the N-terminai 
chloroplast transit peptide. It is now known that the precursor form of the 
EPSP synthase in plants (with the transit peptide) is expressed and upon 
delivery to the chloroplast. the transit peptide is cleaved yielding the mature 
E. SP synthase. .^1 numbering of amino acid positions are given with respect 
to the mature EPSP synthase (without chloroplast transit peptide leader) to 
facilitate comparison of EPSPS sequences from sources which have 
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chloroplast transit peptides (i p nU„*. j r 

^, ■' to sources wliid, rfo „„f 

utJoze a chloroplast targeting signal (i.e., bacteria). 

In the annno acid sequences which follow, the standard single letter or 
hree letter nomenclature a„ used. AU peptide structures r^r^^TZ 
following description are shown in conventional fom>at in Ich t^ir 

at the N-tern^inus appears to the left and the carho J^^p'' 
ternunus at the right. Ukewise, anuno acid nomenclature fofj^t^llt" 
2^ annuo adds found in p^tein is as foUows: alanine (A,a;A,, as^I 
(Asn;N), asparhc acid (Asp;D), arginine {Arg;R) cysteine (Cvs-ri TT^ 
^id « glutan^ne glycine ^'^SS;^ 

^e,F), prohne (Pro;P,, serine (Ser;S,, threonine (Thr;T), f^tophan (C^ 
^sme ('IVr;n and valine (Val;V). An T is used when the an^o a J^dTe' 
,s unknown and parentheses designate that an unambiguous assignment TZ 
poss.bIe and the amino acid designation within the parentheses is the mo^t 
probable estimate based on known information. 

The term "nonpolar- amino acids include alanine, valine, leucine 
.soleucme, prolme, phenylalanine, f^tophan, and methionine. The tenn 
uncharged polar" amino acids include glycine, serine, threonine, cysteine 
tyrosme. asparagine and glutamine. The term "charged polar" amino acids 
mdudes the "acidic" and "basic" amino acids. The term "acidic" amino acids 
.ncludes aspartic acid and glutamic acid. The term "basic" amino add includes 
lysme, arginine and histidine. The term "polar" amino acids includes both 
"charged polar" and "uncharged polar" amino adds. 

Deoxyribonucleic acid (DNA) is a polymer comprising four 
mononucleotide units, dAMP (2'-Deoxyadenosine-o- monophosphate), dGMP 
(2'-Deoxyguanosine-D- monophosphate), dCMP f2'-Deoxycytosine-6- 
monophosphatel and dTMP (2'-Deoxythymosine-5- monophosphate) linked in 
various sequences by 3'.5'-phosphodiester bridges. The structural DNA 
consists of multiple nucleotide triplets called "codons" whidi code for the amino 
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aads. The codons correspond to thp va»^«„o « • 

(TCA, TCC, TCG TCT ACC Ar'r. ^ CTG, CTT, TTA, TTO); Ser 

ccc, ccG;ccnra ^G^ro^rGct^^t 

ne (ATA, ATC, ATT); Val (GTA GTC GTG GT^^ ' 
(AAC. AAn Gta (QAA. CAG); Hi^ cS)- G^G^ ^° 

GAT,; Tyr <TAC. TAT,; Cys (TOO. TG^ P^^^r^t ! u tt"" 

codon for all but two amino acids) th.r. ^ """^ 

SVMMABY OF THE TTSYFiMTTOAf 

DNA molecules comprising DNA encoding kinetically efficient 
g^yphosate-tolerant EPSP synthases are disclosed. TT,e EPSP sU^Trf 
the present invention reduce the amount of overproduction ofTe^Kps 
enzyme m a transgenic plant necessary for the enzyme to maintain catalytic 
act.v.ty wh.,e still conferring glyphosate tolerance. The EPSP synth^I 
descnbed herein represent a new class of EPSPS enzymes, referred to 
heremafter as Class II EPSPS enzymes. Class II EPSPS enzymes of the 
present invention usually share only between about 47% and 55% amino acid 
similarity or between about 22% and 30% amino acid identity to other known 
bacterial or plant EPSPS enzymes and eidiibit tolerance to glyphosate while 
mamtaimng suitable K™ (PEP, ranges. Suitable ranges of K„ (PEP, for EPSPS 
for enzymes of the present invention are between 1-150 ^M, with a more 
preferred range of between 1-35 pM, and a most preferred range between 2-25 
m. These kinetic constants are determined under the assay conditions 
specified hereinafter. An EPSPS of the present invention preferably has a 
for glyphosate range of between 15-10000 nM. The K^„ ratio should be 
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between about 2-500, and n.ore preferably between 25-500. Tl^e V of the 
purified enzyme should preferably be in the range of 2 100 > 
(UmoIes/minute.ing at 25«C) and th. K f u J umts/mg 
6 ciL K^) and the Km for shilumate-3-Dhosnhafo ok u 
preferably be in the range of 0.1 to 60 mM. 

(5) diSrrt"! ° ^^^^ '^^'^ from five 

(5) different baptena: A^roiac^en^^ tumefaciens sp. strain CP4 

Achromcbacter sp. strain LBAA, Pseudomonas sp. strain PG2982 B^ „ 

subeiUs^ and S.M.^.^ . T.e LBAA and PG2S82^^ 

genes have been detennined to be identical and the proteins encoded by Z 

linrr-H""."""" ~ «pp">™; 8 ; 

ammo acid identity with it Clas«5 TT PPQpq J' o-*/" 

^. . ^ , ^ ^ ii-PSPS enzymes often mav b*» 

from Class I EPSPS's by their inability to react with po^J 
antibodies prepared from Class I EPSPS enzymes under conditions where 
other Class I EPSPS enzymes would readily react with the Class I Jtih^L 
as weU as the presence of certain unique regions of amino acid homology which 
are conserved in Class II EPSP synthases as discussed hereinafter 

Other Class II EPSPS enzymes can be readily isolated and identified by 
utilizing a nucleic acid probe from one of the Class II EPSPS genes disclosed 
herein using standard hybridization techniques. Such a probe from the CP4 
strain has been prepared and utiUzed to isolate the Class II EPSPS genes fi-om 
strains LBAA and PG2982. These genes may also optionally be adapted for 
enhanced expression in plants by known methodology. Such a probe has also 
been used to identify homologous genes in bacteria isolated de novo fi-om soil. 

The Class II EPSPS enzymes are preferably fused to a chloroplast 
transit peptide (CTP) to target the protein to the chloroplasts of the plant into 
which it may be introduced. Chimeric genes encoding this CTP-Class II EPSPS 
fusion protein may be prepared with an appropriate promoter and 3' 
polyadenylation site for introduction into a desired plant by standard methods. 

To obtain the maximal tolerance to glyphosate herbicide it is preferable 
to transform the desired plant with a plant-expressible Class II EPSPS gene in 
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conjunotion with another plant-expressible gene which expresses a protein 
capable of degrading glyphosate such as a piant-expressibie gene enc2g a 
glyphosate oridoreductase enzyme as described in PCT AppUcation No 
WO 92/00377, the disclosure of which is hereby incorpora^ by rl^l 

EPSP synthases that exhibit a low K„ for phosphoenolpyruvate (PEP) a high 
V,WK„ ratio, and a high K, for glyphosate such that when introduced into a 
plant, the plant is made glyphosate-tolerant such that the catalytic activity of 
the enzyme and plant metabolism are maintained in a substantially normal 
state. For purposes of this discussion, a highly efficient EPSPS refers to its 
efficiency in the presence of glyphosate. 

More particularly, the present invention provides EPSPS enzymes 
having a K„ for phosphoenolpyruvate (PEP) between 1-150 nM and a 
Ki(glyphosate)/K„(PEP) ratio between 3-500, said enzymes having the 
sequence domains: 

-R-X1-H-X2-E. (SEQ ID NO:37), in which 

Xi is an uncharged polar or acidic amino add, 

X2 is serine or threonine; and 
-G-D-K-X3- iSEQ ID NO:38), in which 

X3 is serine or threonine; and 
-S-A-Q-X4-K- (SEQ ID NO:39), in which 

X4 is any amino acid; and 
-N-X5-T-R- (SEQ ID:40), in which 

X5 is any amino acid. 

Exemplary Class II EPSPS enzyme sequences are disclosed from seven 
sources: Agrobacterium sp. strain designated CP4, Achromobacter sp. strain 
LBAA, Pseudomonas sp. strain PG2982, Bacillus subtilis 1A2, Staphylococcus 
aureus (ATCC 35556), Synechocystis sp. PCC6803 and Dichelobacter nodosus. 
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sources: ^™6ac<m„m sp. strain designated CP4 Tl . 

LBA^ ...<..o^ sp. strain PG^SS.^XltrrC;^ 

a..» ATCC 3555,, S,„^,,, 3, PCC6803 and i^^^S^^;^ 

^' '^i:Z:^' - — on o.an 

b) a structural DNA sequence that causes the production of an RNA 

° "^""^ ™= ^^"^ 

-R-Xi-H-Xj-E- (SEQ ID NO:37), in which 

Xi is an uncharged polar or acidic amino acid. 
X2 is serine or threonine; and 

■G-D-K-X3- (SEQ ID NO:38), in which 

X3 is serine or threonine; and 
•S-A-Q.X4-K- (SEQ ID NO:39), in which 

Xt is any amino acid; and 
■N-X5-T-R. (SEQ ID:40), in which 

Xs is any amino acid: and 
c ) a 3- nontranslated region which functions in plant cells to cause the 
addition of a stretch of polyadenyi nucleotides to the 3' end of the RNA 
sequence 
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where the promoter is heterologous ^vith respect to th. . 
sequence and adapted to cause s„ffi • . structural DNA 

P eu lo cause sufficient expression of the PPqp 

the introduction of the ahov.^ , ' ""^^^ ^^yPhosate-tolerant by 

*^®^**°^^-^««^bed plant-expressible Class II EPqPQnxTA 
molecule into the plant's genome 

plants transfonned with a plant-e^^^ssible Class n EPSK DnI ™ r 
confer g^^hcsate tolerance to the plants ^uJ^ZTT'T:' 
containing herbicides to be appUed to the c™p to se.ective.yln 1 eZh T 
sensitive weeds, but not the crops. '™'y M the g.yphosate 

Other and further objects, advantages and aspects of the invention will 



^iFito^fiS^^the DNA sequence (SEQ ID NOa) for the fuU-length 



1% X V 

promoter of figwort mosaic virus (FMV35S). 

3h 




Class IIEPSpE""T"^\""""'' '''''' "~ '^^"^ ^^'^^ 
!;r;J!!! 1 !'^^!"" isdate^Wro^aCe.-.. sp. strain CP4 and 

f How/ 



Class II EPS^^ r ™ ^O^"' 

Class II EPSPS gene from the bacterial isolate Achromobacter sp. strain 

U3AA and the deduced amino acid sequence (SEQ ID NO:5). 
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j3 iS flares 5F\-SB<>h(y^ 

«° Il /r. '"'"'^ »P. strain 

'"-^awws the Bestfit comparison of the CP4 EPSPS amino add 

^'"'^ ^^^^^^ 

-^Z'^" ^fr^ comparison of the CP4 EPSPS amino add 

sequence '""'^ 




>^ ^ -o auructurai uxNA sequence (SEQ ID NO:9) for the 

synthetic CP4 Class II EPSPS gene. 

- Figure 9 shows the DNA sequence (SEQ ID NO:10) of the chloroplast 
transit peptide (CTP) and encoded amino acid sequence (SEQ ID NO-11) 
derived from the Arabidopsis thaliana EPSPS CTP and containing a Sphl 
restriction site at the chloroplast processing site, hereinafter referred to as 

-^-Kgtare i^hows the DNA sequence (SEQ ID N0:12) of the chloroplast 
transit peptide and encoded amino acid sequence (SEQ ID N0:13) derived from 
the Arabidopsis thaliana EPSPS gene and containing an £coRI restriction site 
within the mature region of the EPSPS, hereinafter referred to as CTP3. 

' Figure 11 shows the DNA sequence (SEQ ID N0:14) of the chloroplast 
transit peptide and encoded amino acid sequence (SEQ ID NO: 15) derived from 
the Petunia hybrida EPSPS CTP and containing a Sphl restriction site at the 
chloroplast processing site and in which the amino acids at the processing site 
^® ^^^ Hf^^. .^°.;9yi: M£klL hereinafter referred to as CTP4. 

^Flguie ±2-9bowsthe DNA sequence (SEQ ID NO:16) of the chloroplast 
transit peptide and encoded amino acid sequence (SEQ ID NO: 17) derived from 
the Petunia hybrida EPSPS gene with the naturally occxirring £coRI site in the 
mature region of the EPSPS gene, hereinafter referred to as CTP5. 

Figure 13 shows a plasmid map of CP4 plant transformation/ expression 
vector pMONlTllO. 
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Figure 16 shows a plasmid map of CP4 t.Io«^ ^ 
selection vector pMONl7227. transformation/direct 

Figure 17 shows a plasmid man nf rT>A „i ^ x 
vector PMON19653 , T '^^"""'tion/expresaion 

Class WStntTT'' ''''^ ''^'^ «>e 



Class n EPSPS y TT ^ NO:43) for the 

Class n EPSPS gene from the bacterial isolate Staphylococcus aureus and the 
''^Tte%?§l»a^QIDNO:44). ^ and the 

EPSpff^T^ Bestfit comparison of the representative Class 11 
EPSPS ammo acd sequences Pseudomonas sp. strain PG2982 (SEQ ID NO-7) 
Achromobacter sp. strain LBAA (SEQ ID N0:5). AgroBactcrium sp strain 
des.^ated CP4 (SEQ ID N0:3,. BacUlu. suBtUU (SEQ ID KO:42, Z 
S^apMccoccus aurcu. ,SEQ ID NO:44, with that for representative Class I 
BPSPS amino acd sequences (SaccAromyces cerevisiae (SEQ ID NO-49) 
Aspergillus niduhns (SEQ ID N0:50), Brassica napus (SEQ ID No'si)' 
Arab^psU thaliana (SEQ ID NO:52), Nicotina tobacum (SEQ ID NO M) L 

m ™ ''^'""^ ""^ '° ^0^5S>- ^ --^^ (SEQ 

ID NO:56), Solmenella gallinarum (SEQ ID NO:57), Solmenella typhimurium 

(SEQ ID NO:58), Solmenella typhi (SEQ ID NO:65). E. coii (SEQ ID NO-8) K. 

pneumoniae (SEQ ID NO:59), F. enterocotoica ,SEQ ID NO:60), H. influe^ae 

(SEQ ID N0:61), P. multocida ,SEQ ID NO:62). Ae^mom^s salmonicida (SEQ 

ID NO:63). Saatos pertussis (SEQ ID NO:64)l and illustrates the conserved 

regions among Class II EPSPS sequences which are unique to Class II EPSPS 

sequences. To aid in a comparison of the EPSPS sequences, only mature 
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EPSPS sequences were compared That i., fh^ 

chloroplast transit peptide Tur7 . corresponding to the 

loiL pepuae, it present in a subiect EPSP9 

«^^ce^gnment ' "'"'"""^ 

t ^wgare^i^shew^the structural DNA sequence (SEQ ID NO.««. , 
Class II EPSPS gene from th^u . ■ ^ ^^^'^ NO:66) for the 

. bacterial isolate Synechocystis sp PCCf?fiM ^ 

Classll EPSPS gene ^^t^Tf T "™ '^^"^ 
deduced^o arid ^ie^^^ac^rnodbsu. and the 

EPSPS^^TV^ eompanson of the representative Class II 

EPSPS ammo aad sequences Pseu<ic^nas sp. strain PG2982 (SEQ ID NO-7) 
AcHron.o,ac^r sp. strain LBAA (SEQ ID N0:5,, A,rol,acUHu27p .^ 
des.^ted CP4 (SEQ ID N0:3,, 5.„.cW«^ ,p. pcC6803 (SEQ m NO^ 
Bacillus subtilis (SEQ ID i u . . v x.^ ii^ xNu.b?), 

^ ^' ^'"^^^^b^^^ter nodosus (SEQ ID NO:69) and 
staphylococcus aureus (SEQ ID NO:44). 

Figure 24 a plasmid map of canola plant transformation/expression 
vector PMON17209. "/expression 

Figure 25 a plasmid map of canola plant transformation/expression 
vector pMON17237. 

STATEMFNT OF Tm jf^^r^j^ 

The expression of a plant gene which exists in double-stranded DNA 
form involves synthesis of messenger RNA (mRNA) from one strand of the 
DNA by RNA polymerase enzyme, and the subsequent processing of the 
mRNA primary transcript inside the nucleus. This processing involves a 
3- non-translated region which adds polyadenylate nucleotides to the 3' end of 
the RNA. 

Transcription of DNA into mRNA is regulated by a region of DNA 
usually referred to as the "promoter. ' The promoter region contains a sequence 
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of base, that signals RNA polymerase to associate with the DNA sn, . 

muate the transcription into n^A using one of the DNA 
template to make a corresponding complementary strand of B^I Tl, 

f promoters which are active in plant cells have been d^^bed Tl 

(OCS) promoters^ (which are carried on tumor-inducing pla^^To! 
^bacwnum tumefaciens,, the cauliflower mosaic virus (C^^S and 

and the --gth^transi:™;::! ^^^^^^^^^ 
(KMVaaS,, peters from the mai.e ubi,uitin and riral"; ^s' 
^ese promoters have been used to create various types ofmTZlu 

(Rogers e^ a/., Monsanto). o^u^aiS 
Promoters which are known or found to cause transcription of DNA in 

T; '^"^ ~- : 

obtained fron^ a variety of sources such as plants and plant DNA viruses and 
mclude. but are not limited to, the CaMV35S and FMV35S promoters L 
promoters isolated from plant genes such as ssRUBISCO genes and the maize 
ubiquitm and rice actin genes. As described below, it is preferred that the 
particular promoter selected should be capable of causing sufficient expression 
to result m the production of an effective amount of a Class II EPSPS to 
render the plant substantially tolerant to glyphosate herbicides. The amount of 
Class II EPSPS needed to induce the desired tolerance may vary with the 
plant species. It is preferred that the promoters utilized have relatively high 
expression in all meristematic tissues in addition to other tissues inasmuch as 
It IS now known that glyphosate is translocated and accumulated in this type 
of plant tissue. Alternatively, a combination of chimeric genes can be used to 
cumulatively result in the necessary overall expression level of the selected 
Class II EPSPS enzyme to result in the glyphosate-tolerant phenotype. 
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The mRNA produced by a DNA construct of the present invention also 
contains a 5' non-translated leader sequence. This sequence can be derived 
from the promoter selected to express the gene, and can be specifically 
modified so as to increase translation of the mRNA. The 5' non-translated 
regions can also be obtained from viral RNAs, from suitable eukaryotic genes 
or from a synthetic gene sequence. The present invention is not limited to 
constructs, as presetted in the following examples, wherein the non-translated 
region is derived from both the 5' non-translated sequence that accompanies 
the promoter sequence and part of the 5' non-translated region of the virus 
coat protein gene. Rather, the non-translated leader sequence can be derived 
from an unrelated promoter or coding sequence as discussed above. 

Preferred promoters for use in the present invention the the full-length 
transcript (SEQ ID N0:1) promoter from the figwort mosaic virus (FMV35S) 
and the full-length transcript (35S) promoter from cauliflower mosaic virus 
(CaMV). including the enhanced CaMV35S promoter (Kay et al. 1987) The 
FMV35S promoter functions as strong and uniform promoter with particularly 
good expression in meristematic tissue for chimeric genes inserted into plants 
particularly dicotyledons. The resulting transgenic plant in general expresses 
the protein encoded by the inserted gene at a higher and more uniform level 
throughout the tissues and ceils of the transformed plant than the same gene 
driven by an enhanced CaMVSSS promoter. Referring to Figure 1 the DNA 
sequence (SEQ ID NO:l) of the FMV35S promoter is located between 
nucleotides 6368 and 6930 of the FMV genome. A 5' non-translated leader 
sequence is preferably coupled with the promoter. The leader sequence can be 
from the FMV35S genome itself or can be from a source other than FMV35S. 

For expression of heterologous genes in moncotyledonous plants the use 
of an intron has been found to enhance expression of the heterologous gene. 
While one may use any of a number of introns which have been isloated from 
plant genes, the use of the first intron from the maize heat shock 70 gene is 
preferred. 
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The 3 non-translated region of the chimeric plant gene contains a 
polyadeny lafon signal which functions in plants to cause the addition of 
polyadenylate nucleotides to the 3' end of the viral RNA. Examples of suitable 
3 repons are (1) the 3' transcribed, non-translated regions containing the 
polyadenylated signal of Agrobacteriun, tumor-inducing (Ti) plasmid genes 
such as the nopaUne synthase (NOS) gene, and (2) plant genes like the 
soybean storage protein genes and the small subunit of the ribulose-l 5- 
bisphosphate carbo^lase (ssRUBISCO) gene. An example of a preferred 

IjmZyJ"^' ^-"^'-O » i«ater 

™«°NA constructs of the present invention also contain a structural 
ood^ sequence in double-stranded DNA form which encodes a glyphoaate- 
tolerant, highly efficient Class H EPSPS enzyme. ypnosate 

EPSPS " '""'^ »d isolate glyphosate-toleran, hi^^^^,, 

EPSPS enzymes, lunetic analysis of the EPSPS enzymes from a number of 
bactena exhabiting tolerance to glyphosate or that had been isolated from 
s^^We sources was undertaken. It was discovered that in some cases the 
EPSPS enzymes showed no tolerance to inhibition by glyphosate and it was 
concluded that the tolerance phenotype of the bacterium was due to an 
.mpermeability to glyphosate or other factors. In a number of cases, however 
microorganisms were identified whose EPSPS enzyme showed a greater degre^ 
of tolerance to inhibition by glyphosate and that displayed a low K„ for PEP 
when compared to that previously reported for other microbial and plant 
sources. The EPSPS enzymes from these microorganisms were then subjected 
to further study and analysis. 

Table I displays the data obtained for the EPSPS enzymes identified and 
isolated as a result of the above described analysis. Table I includes data for 
three identified Class II EPSPS enzymes that were observed to have a high 
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tolerance to inhibition to glyphosate and a low K„ for PEP as weU as data for 

i^Trlf T: ^ ^'^"^^-t variant of the ^ 

tl'bPS referred to as GAlOl Th« CAim recunja 
.V . ihe GAlOl variant is so named becaiii.. if 

exhibits the substitution of an alanine re,iH„.fi,,. . • "e^-we it 

101 (with respect to Petunia) Cen 

.psps <o..„. ro^LT-rrrrorotr^K^r^^^^^^^ 



/\ ENZYME 



SOURCE ^hLV KiGlyphosate iq/K„^ 

vMJ-vi; (^M) 

Petunia e 

Pet^aGAlOl 2OO 2OOO 10^ 

PG2982 01011 

LBAA ^V " «2 -8-40 

CP4 60(est)7 ^7.9 

S.su6^r7« 1A2 2720 227 

S. aureus 55 ™ 33.8 



40 



1 

2 
3 
4 



Range of PEP tested = 1-40 
Range of PEP tested = 5-80 
Range of PEP tested = 1.5-40 
Range of PEP tested = 1-60 ^M 
Range of PEP tested = 1-50 \iM 
(est) = estimated 



The Agrobacterium sp. strain CP4 was initiaUy identified by its abiHty to 
grow on glyphosate as a carbon source (10 raM) in the presence of 1 mM 
phosphate. The strain CP4 was identified from a collection obtained from a 
fixed-bed immobilized cell column that employed Mannville R-635 
diatomaceous earth beads. The column had been run for three months on a 
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-ere less than 30 mg/ml This treaZ T , ^^^^^ availability) 

cHeit.a.p..., ..of u^^::^::^- "^^^^^ 

.lyphosate at 10 and with phosphate at ^as Tstd^ 
nncrobes from a wash of this column that wercapable If ^ 
.l3^hosate as sole carbon source. Dworlcin-Foster^ ^ 
up by combining in 1 hter (with autoclaved H.O), 1 ml eal oSTZc ! 
10 ml of D (as per below) and thiamine HCl (5 mg). 

A. D-F Salts (lOOOX stock; per 100 ml; autoclaved)- 
H3BO3 1 
MnS04.7H20 1 mg 
ZnS04.7H20 12.5 mg 
CUSO4.5H2O 8 mg 
NaMo03.3H20 I.7 mg 

B. FeSO4.7H20 (lOOOX stock; per 100 ml; autoclaved) 0 1 g 

C. MgS04.7H20 (lOOOX stock; per 100 ml; autoclaved) 20 g 
(NH4)2S04 ( lOOX stock; per 100 ml; autoclaved) 20 g 



Yeast Extract (YE; Difco) was added to a final concentration of 0 01 or 
0.001%. The strain CP4 was also grown on media composed of D-F salts 
amended as described above, containing glucose, gluconate and citrate (each at 
0.1 %) as carbon sources and with inorganic phosphate (0.2 - 1.0 mM) as the 
phosphorous source. 

other Class II EPSPS containing microorganisms were identified as 
Achromobacter sp. strain LBAA (Hallas et al., 1988). Pseudomonas sp. strain 
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PG2982 (Moore et al., 1983; Ktzgibbon 1988). Ba^Ulu. .abtilU 1A2 (Henner ,t 
a/., 1984) and StaphylccoccuB aureus (O'Connell et al., 1993). It had been 
reported previously, from measurements in crude lysates, that the EPSPS 
enzyme from strain PG2982 was less sensitive to inhibition to glyphosate than 
that of E. coli, but there has been no report of the details of this lack of 
sens.t.v,ty and the« has been no report on the K„ for PEP for this enzyme or 
of the DNA sequence for the gene for this enzyme (Fitzgibbon. 1988; 
l^itzgibbon and Braymer, 1990). 

Bthtiftnffhir i>f thn Hbii n FPSps ^^^^^ „ 

AU EPSPS proteins studied to date have shown a remarkable degree of 
homology. For example, bacterial and plant EPSPS's are about 54% identical 
and with similarity as high as 80%. Within bacterial EPSPS's and plant 

EPSPS's themselves the degree of identity and similarity is much greater (see 

lame II). 



lalilfiJI 

protein s^q^i^i^^^^i 

giimlarity identity 

E. coli vs. S. typhimurium 93 go 

P. hybrida vs. E. coli 72 55 
P. hybrida vs. L. esculentum 93 



88 



The EPSPS sequences compared here were obtained from the foUowing references: E. 
coli. Rogers et al.. 1983; S. typhimurium. Stalker et al.. 1985; Petunia hybrida. Shah et al.. 
1986; and tomato (L. esculentum), Gasser et al., 1988. 

When crude extracts of CP4 and LBAA bacteria (50 ng protein) were 
probed using rabbit anti-EPSPS antibody (Padgette et al., 1987) to the Petunia 
EPSPS protein in a Western analysis, no positive signal could be detected, 
even with extended exposure times (Protein A - 125I development system) and 
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under conditions where the control EPSPS (Petunia EPSPS 20 n.- « ri r 
EPSPS) was readil. detected. The presence of EPSpT^^ ^^^^^^ 
exacts was confirmed by enzyme assay. Tl.s surprising result, ildicatS , 
lack of s^nnlanty between the EPSPS's from these bacterial isola^ an'^se 
— ly stuc^ed, coupled with the combination of a low K. for PEP^r: 
h^gh K^ for glyphosate, iUustrates that these new EPSPS enzymes an. diffe^nt 
from known EPSPS enzymes (now refemni to as Class I EPSPS). 



For clanty and brevity of disclosure, the following description of the 
isolation of genes encoding Class n EPSPS enzymes is directed to the isolation 
of such a gene from a bacterial isolate. Those skUled in the art wiU recognize 
that the same or similar strategy can be utilized to isolate such genes from 
other microbial isolates, plant or fungal sources. 

Having established the existence of a suitable EPSPS in Agrobacterium 
sp. strain CP4, two parallel approaches were undert:aken to clone the gene: 
cloning based on the expected phenotype for a glyphosate-tolerant EPSPS; and 
purification of the enzyme to provide material to raise antibodies and to obtain 
amino acid sequences from the protein to facilitate the verification of clones. 
Cloning and genetic techniques, unless otherwise indicated, are generally those 
described in Maniatis et aL, 1982 or Sambrook et al., 1987. The cloning 
strategy was as follows: introduction of a cosmid bank of strain Agrobacterium 
sp. strain CP4 into E. coli and selection for the EPSPS gene by selection for 
growth on inhibitory concentrations of glyphosate. 

Chromosomal DNA was prepared from strain A^ro6aciermm sp. strain 
CP4 as follows: The ceil pellet from a 200 mi L-Broth (Miller, 1972), late log 
phase culture oi Agrobacterium sp. strain CP4 was resuspended in 10 ml of 
Solution I; 50 mM Glucose, 10 mM EDTA, 25 mM Tris -CL pH 8.0 (Birnboim 
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and Doly, 1979). SDS was added to a final concentration of 1% and the 
suspension was subjected to three freeze-thaw cycles, each consisting of 
immersion m dry ice for 15 minutes and in water at TO^C for 10 minutes The 
lysate was then extracted four times with equal volumes of phenolrchloroform 
(1:1; phenol saturated with TE; TE = 10 mM Tris pH8.0; 1.0 mM EDTA) and 
the phases separated by centrifugation (15000g; 10 minutes) The 
ethanol-precipitable material was pelleted from the supernatant by brief 
centrifugation (SOOOg; 5 minutes) following addition of two volumes of ethanol 
The peUet was resuspended in 5 ml TE and dialyzed for 16 hours at 4«C against 
2 hters TE. This preparation yielded a 5 ml DNA solution of 552 ng/ml 

Partially-restricted DNA was prepared as follows. Three 100 ug aUquot 
samples of CP4 DNA were treated for 1 hour at 37-0 with restriction 
endonuclease HindlU at rates of 4. 2 and 1 en^e unit/^tg DNA, respectively. 
The DNA samples were pooled, made 0.25 mM with EDTA and exti-acted with 
an equal volume of phenolrchloroform. Following the addition of sodium acetate 
and ethanol, the DNA was precipitated with two volumes of ethanol and 
pelleted by centrifugation (12000 g; 10 minutes). The dried DNA pellet was 
resuspended in 500 ^ TE and layered on a 10-40% Sucrose gradient (in 5% 
increments of 5.5 ml each) in 0.5 M NaCl, 50 mM Tris pHS.O, 5 mM EDTA 
Following centrifugation for 20 hours at 26,000 rpm in a SW28 rotor, the tubes 
were punctured and -1.5 ml fractions collected. Samples (20 id) of each second 
fraction were run on 0.7% agarose gel and the size of the DNA determined by 
comparison with linearized lambda DNA and ifrndlll-digested lambda DNA 
standards. Fractiorg^ ,ontaining DNA of 25-35 kb fragments were pooled, 
desalted on f^^^^^ columns (7000 rpm; 20°C; 45 minutes) and 
concentrated by precipitation. This procedure yielded 15 ^ig of CP4 DNA of the 
required size. A cosmid bank was constructed using the vector pMON17020. 
This vector, a map of which is presented in Figure 2, is based on the pBR327 
replicon and contains the spectinomycin/streptomycin (Spr;spc) resistance 
gene from Tn7 (Fling et al., 1985), the chloramphenicol resistance gene 
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downstream of the cat ffene fu ^ • ® located 

ui wie car gene, bmce the predominant block to tha ™ 

genes from other microbial sources in E ml ■ egression of 

transcription, the use of the TtT ! *° °f 

H ion, me use ot the T7 promoter and supplying the T7 nr.K«- 

polymerase transcription temunation sequences. Tie e^^r^ssionT^r 
.ene is impaired by transcription from the T7 promoter^ 1^ Jm^ 
can be selected in strains containing pGPl-Z. n.e use of antibiotic re^^e^ 
such as Cn> resistance which do not employ a membrane o^^Ts 
pre erred due to the observation that high level e:n.ression of resistalr^^ 
that mvolve a membrane component. i.e. B-lactamase and Amp^^r^ 
pve nse to a glyphosate-tolerant phenotype. Presumably, this is due to the 
e.c.us.on of gl^hosate from the cell by the membrane locahzed 
protem. It is also preferred that the selectable marker be oriented in the same 
direction as the T7 promoter. 

The vector was then cut with Hindlll and treated with calf alkaline 
phosphatase (CAP) in preparation for cloning. Vector and target sequences 
were hgated by combining the following: 

Vector DNA (i/fndlll/CAP) q . 

Size fractionated CP4 Hindlll fragments 1.5 

lOX ligation buffer o o i 

2.2 \il 

T4 DNA ligase ( New England Biolabs) (400 U/^1) 1.0 

and adding H2O to 22.0 m. This mixture was incubated for 18 hours at 16°C 
lOX ligation buffer :s 250 mxM Tris-HCl, pH 8.0; 100 mM MgC^; 100 mM 
Dithiothreitol: 2 mM Spermidine. The ligated DNA (5 nl) was packaged into 
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s tne 1 / polymerase expression plasmid pGPl.2 rTahn^ j 
^dson, 1985, and oven^ht in L-B^th (with 1 

^y.n at 50^,^.„ was infected with 50 .1 of the paC^^^' 
Transformants were selected at 30-C on M9 (Miller 1972) . 
^y^n (50 ^nU,, chloramphenicol (.5 LC'i^^IT^oZT:^ 
leuane (50 ^g^n,, and Bl (5 ug/nj), and with glyphosate at 3.0 1 ^i^: 
samples were also plated on the san.e media lacking glyphosateTtif T 

packed cosmids.Cosmidtr«nsfonna„ts were isoUtLo^ttrtTr^i 
at a rate of -5 . 10= per ^g CP4 Hinmi DNA after 3 days^ ^^^^T 

a«seontheglyphosateagar^day3untildayl5witha%llL'^^^^ 
0 cosm:ds. DNA was prepared from 14 glyphosate-toleranttl a^ 
followng verification of this phenotype, was transformed into 1 Tr 

aZTso^ ' Of MM^s/irdt 

G.,hert 1980,, and tested for complementation for growth in the absence of 

as sITT: ^-""-"^"'^ such 

as SR481 (Bachman et al., 1980; Padgette et al., 1987), could be used and 

would be suitable for this experiment. The use of GBIOO is merely 

and should not be viewed in a Umiting sense. This aroA strain usually requires 

hat growth media be supplemented with L-phenylalanine, L-tyrosine and 
L-tryptophan each at 100 ^g/ml and with para-hydroxybenzoic acid, 
2,3^hydroxybenzoic acid and para-aminobenzoic acid each at 5 ^g/ml for 
growth in minimal media. Of the fourteen cosmids tested only one showed 
complementation of the aroA- phenotype. .Transformants of this cosmid 
PMON17076, showed weak but uniform growth on the unsupplemented 
minimal media after 10 days. 

The proteins encoded by the cosmids were determined in vivo using a T7 
expression system (Tabor and Richardson, 1985). Cultures of coli containing 
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pGPl.2 (Tabor and RicharcUon, a985) and test and control cosmid. . 

at 30.C in LWh « with cMoran.phenico, .n.^^^^^^ 

Hg^ml, respectively) to a Klettreadincrnf a ,• ^5 and 50 

jnded in I n.. M9 .edi.n> containing glucose at O.^^^^ 
l^'ml and containing the 18 amino acids at 0.01% ,„^^ cZ^e !f d 
methionme). FoUowing incubation at 30-C for 90 minutes Z 

(Sgma) was added to 200 ^g/ml and the cultures held at 42«C for 10 additZ^ 

with 10 ixCx of 35S.methiomne for 5 minutes at 30»C. The ceUs were collected 

68Ts^":r™''"^^-"'''^"-^«''>^-<«''-'^^ 

6^8, 1% SDS, % 2.mercaptoethanol, 10% glycerol, 0.01% bromophenol blue) 
Ahquot samples were electrophoresed on 12.5% SDS-PAGE and following 

aoirr 7°"*" t °' ^"'^ Add-Methanol-water 

(10.30.60), the gel was soaked in ENLIGHTNING ™ (duponT) foUowine 

manufacturers directions, dried, and exposed at .70»C to X-Ray film. ProteiJ 

of about 45 kd .n size, labeled with 35S-methionine, were detected in number of 

the cosmids, including pMONl7076. 

Pwification 9f EP??P>S from Afn^hn.*^,,^ ^p , 

All protein purification procedures were carried out at 3-5»C. EPSPS 
enzyme assays were performed using either the phosphate release or 
radioactive HPLC method, as previously described in Padgette et al., 1987. 
using 1 mM phosphoenol pyruvate (PEP, Boehringer) and 2 mM shikimate-3- 
phosphate ( S3P) substrate concentrations. For radioactive HPLC assays, UC- 
PEP (Amersham) was utilized. S3P was synthesized as previously described in 
Wibbenmeyer et al. 1988. N-terminal amino acid sequencing was performed by 
loading samples onto a Polybrene precycled filter in aliquots while drying. 
Automated Edman degradation chemistry was used to determine the N- 
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terminal protein sequence, using an AppHed Biosysten«' Model 47nA . 
~ .Hunl.p.Uer . ... .33) an App.ed 310^:"^"^; 

reduced cIun.,in.ands„oothco,on,n:r;C~^;^^^^^ 
polysaccharide pr^iuction by this isolate. In the foUolg se^ot^^,^ 

e pooiea. i^ell paste of Agrobacterium sp. CP4 (300 «roo ^ u ^ 
twice with 0 'i T nf n Q<y ,• , ^ " washed 

Ga^n ceU. resulting solution was centhiuged (30 n^inutes. 8000 rp»T2 
the supernatant was treated with 0.21 L of 1.5% protamine sulfate^Tn ^ 
^Tnsc, H 7.5. 0.2.„ w/v final p™tan.ne sul&te concent:^on aT 
stn^g for 1 hour, the nu«ure was centriftged (50 minutes, 8000 n,m) 
resultu.g supernatant treated with soUd ammonium sulfate to 40% saturation 
and sfrred for 1 hour. After centrifugation (50 minutes, 8000 rpr^he 
resulting supernatant was treated with solid ammonium sulfate to '70% 
saturation, stirred for 50 minutes, and the insoluble protein was ooUected by 
oentnfugation (1 hour, 8000 rpm). This 40-70% ammonium sulfate fraction 
was then dissolved in extraction buffer to give a final volume of 0.2 L and 
dialyzed twice (Spectrum 10,000 MW cutoff dialysis tubing) against 2 L of 
extraction buffer for a total of 12 hours. 

To the resulting dialyzed 40-70% ammonium sulfate fraction (0 29 L) 
was added solid ammonium sulfate to give a final concentration of 1 M This 
material was loaded (2 ml/min) onto a column (5 cm x 15 cm, 295 ml) packed 
Ph^^y^l^PtoD se CL.4B (Ph^f maeia^ resin equilibrated with extraction 





-25- 

38-21(10660)A 



ga.ng fro. 1 M to 0.00 M sulfate (total volume otT^^Z^^! 

Fraofons were collected (20 and assayed for EPSPS a t^l^' 
phosphate release aa<i«v Tk. r activity by the 

K K « release assay. The fractions with the hieheat ppcdo . 
(ftactions 36-50) were pooled anrf Hf.i j • ^ 
Trian « rrZ ^ 3 X 2 L (18 hours) of W mM 

Tnsa,25mMKCi;imMEDTA,5mMOTr,10%glycerol.pH78 

The dialyzed EPSPS e«ract (350 ml) waa l«.ded (5 nU/miu) onto a 

iu/0 glycerol, pH 7.8 (Q Sepbarese- buffer), and washed with 1 L of fh. = 

fr^m .025 M to 0.40 M KCi (total volume of 1.4 L, 5 infractions w^ 
coUected (15 ml) and assayed for EPSPS activity by the phosphate "ll" 

o3i^ ^! .t"""""."** *^ ^'^^^^^ EPSFS activity (fractions 47-60) were 
pooled and the protein was precipitated by adding soUd ammonium sulfate to 
80% sati^ation and stirring for 1 hour. The precipitated protein was coUected 
n J^^^^" '2° 12000 rpm in a GSA Sorvall rotor), dissolved in 

buSTTr 'rfr °' ^""^ ">e same 

buffer (2 X 1 L, 18 hours). 

loaded'^7 T'"' k14"S^^^^^ P^^^^ ^^^^S -1) was 

- #A?10/10 colunmjpa«Ba«a^ equihbrated with 
Q Septiarose buffer, and washed with the sai^l buffer (35 mi). EPSPS was 
eluted with a linear gradient of 0.025 M to 0.35 M KCI (total volume of 119 ml, 
1.7 ml/min). Fractions were collected (1.7 ml) and assayed for EPSPS activity 
by the phosphate release assay. The fractions with the highest EPSPS 
activity (fractions 30-37) were pooled (6 ml). 

The Jfene^ pool was made 1 M in ammonium sulfate by the addition of 
^°ii^9?gSg|il^m^^lfate and 2 ml aliquots were chromatographed on^ Phenyl 
Snperos5-57'5-cntm^Pharmacia) equilibrated with 100 mM Tri# 5 mM 
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DTP. 1 M a^oniu^ sulfate, 10% glycerol, pH 7.5 (Phenyl 
Samples we„ loaded (1 ^.^hed with 1^1 

0.00 M a^onaum sul&te (total volume of 60 ml, 1 nU/mi„). Fractions i« 

-36pH), were pool^a together (10 ml, 2.5 mg protein). For N-terminal amino 
acd sequence determination, a portion of one fraction (#39 from rm, iTT 
<^y.ed against 50 mM NaHCO, (2 x 1 L). IKe resulting pure EPSPS sample 
sZ^lr ^ N-terminal amino add 

XH(G)ASSRPATARKSS(G)LaG)(T)V(E)IPG(D)(KXM) (SEQ ID N0:18). 

The remaining Phenyl EPSPS pool was dialyzed against 60 

mM TrisCI. 2 mM DTT, 10 mM KCl, 10% glycerol. pH 7.5 (2.1 L). An aUquot 
(0 55 ml, 0.61 mg protein) was loaded Q^min) onto a ^t^-'^s column 
(Pharmacia) equilibrated with Q S§tei5^ufrer, washed w 



ouner ,o ml,, and eiuted with a linear gradient of Q ^SS?&er going from 
0-0.14 M KCl in 10 minutes, then holding at 0.14 M KCl (1 ml/min). Fractions 
were collected (1 ml) and assayed for EPSPS activity by the phosphate release 
assay and were subjected to SDS-PAGE (10-15%, Phast System, Pharmacia 
with silver staining) to determine protein purity. Fractions exhibiting a single 
band of protein by SDS-PAGE (22-25, 222 Mg) were pooled and dialyzed against 
100 mM ammonium bicarbonate, pH 8.1 (2 x 1 L, 9 hours). 

TrYpainnlYffis and npntiHe A^hr.^f^.,^ «t^i„ ^^p^ 

EPSPS 

To the resulting pure Agrobacterium sp. strain CP4 EPSPS (111 ^g) 
was added 3 ng of trypsin (Calbiochem). and the trypsinolysis reaction was 
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allowed to proceed for 16 hours at 37»C. The tryptic digest was then 
chromatographed (Iml/min) on a CIS reverse phase HPLC col^nn (Vydac) as 
previously descrihed in Padgette et al., 1988 for E. coU EPSPS. For all peptide 
purifications, 0.1% trifluoroacetic add (TFA, Herce) was designated huffer "HP 
-A" and 0.1% TFA in acetonitrile was buffer •RP-B". The gradient used for 
elubon of the tiypanized.4g7»6acierium sp. CP4 EPSPS vras: 0-8 minutes 0% 
RP-B; 8-28 minutes, 0-15% RP-B; 28-40 minutes, 15-21% RP-B- 4^68 
minutes, 21-49% RP-B; 68-72 minutes, 49-75% RP-B; 72-74 minutes 75- 
100% BP-B. Fractions were coUected (1 ml) and, based on the elution proffle at 
210 nm, at least 70 distinct peptides were produced from the trsT,sinized 
EPSPS. Fractions 40-70 were evaporated to dryness and redissolved in 150 ul 
each of 10% acetonitrile, 0.1% trifluoroacetic acid. 

The fraction 61 peptide was further purified on the C18 column by the 

r4,r« '-^"^ 

38-45% B. Fractions were coUected based on the UV signal at 210 nm. A lar~ 
peptide peak in fraction 24 eluted at 42% RP-B and was dried down 
resuspended as described above, and refcbromatographed on the C18 columi; 
with the gradient: 0-5 minutes, 0% RP-B; 5-12 min, 0-38% RP-B; 12-15 min 
38-39% RP-B; X5-18 minutes, 39% RP-B; 18-20 minutes. 39-41% RP-B 2^4' 
minutes, 41% RP-B; 24-28 minutes, 42% RP-B. The peptide in fract;on 25 
eluting at 41% RP-B and designated peptide 61-24-25, was subjected to N-' 
tenmnal ammo add sequendng. and the foBowing sequence was determined: 

APSM(I)(D)EYPILAV (SEQ ID N0:19) 

The CP4 EPSPS fraction 53 tryptic peptide was further purified by CIS HPLC 
by the gradient 0% B (5 minutes). 0-30% B (5-17 minutes). 30-40% B (17 37 
minutes). The peptide in fraction 2S. eluting at 34% B and designated peptide 
53-28. was subjected to N-terminal amino add sequencing, and the following 

sequence was determined: 
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ITGLLEGEDVINTGK (SEQ ID NO:20). 
OH Jelore;^^^^^ ^ o. 

probes In the ohgonucIeot:des below, alternate acceptable nucleotides at a 
particular position are designated by a T such as A/C/T. 

Table m 




PEPTIDE 61-24-25 APSM(I)(D)EYPILAV (SEQ ID NO-IS) 

Probe MID; IT-mer; mixed probe; 24-fold degenerate 
ATGATA/C/TGAC/TGAG/ATAC/TCC (SEQ ID NO-21) 

PEPTIDE 53-28 ITGLLEGEDVINTGK (SEQ ID NO:20) 

Probe EDV-C; 17-mer; mixed probe; 48-fold degenerate 
GAA/GGAC/TGTA/C/G/TATA/C/TAACAC (SEQ ID NO:22) 
Probe EDV-T; 17-mer; mixed probe; 48-fold degenerate 
GAA/GGAC/TGTA/C/G/TATA/C/TAAIAC (SEQ ID NO:23) 

The probes were labeled using gamma-32p.ATP and polynucleotide 
kinase. DNA from fourteen of the cosmids described above was restricted with 
EcoRI, transferred to membrane and probed with the oligonucleotide probes. 
The conditions used were as follows: prehybridization was carried out in 6X 
SSC, lOX Denhardfs for 2-18 hour periods at 60°C, and hybridization was for 
48-72 hours in 6X SSC, lOX Denhardfs, 100 ng/ml tRNA at lO-'C below the T^ 
for the probe. The of the probe was approximated by the formula 2oC x 
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positive signal. TWs cosmid DNA was then n K I . ""^^ 
NO:22) a™, EDV-T (SEQ ID NO tsTolt "^""-^ 
ba.dgav.asignaia.dol.^Cl^tTp™'"''^^'"^--"' 

protein, and the hybridilt tH T^'' ^ 

amino acid se<,uenor!"„nl ' " '"^ 
contained the EK^ ir 

probes separately Baaorf nr. n,. . nu.23) 

y wiy. Based on these analyses and on subsequent detsiw 

restriction mappine of the r.Ri...c. • . »»queni aetailed 
pping 01 the pBIueSonpt (Stratagene) subclones of the -9 9 Icb 

fragment from pMONl7076 a 3 8 kh p^^pt c >t » = »•» kd 

which both probes hybridized^ ! 7 f T^""' 

„, > nyonaized. This analysis also showed that MID (SEO ID 

N0:21) and EDV-T (SEQ ID ;, t 

n„™HT ^, T . o to different sides of 

Bamm. Clal, and SacII sites. This 3.8 kb fragment was cloned in both 
orientations in pBIueScript to fom. pMON17081 and pMON17082 The 
Phenotypes imparted to E. coli by these clones were then determmed 
GbThosate tolerance was determined following transformation into E. coli 
MM294 contaimng pGPl.2 (pBlueScript also contains a T7 promoter) on M9 
agar media containing glyphosate at 3 mM. Both pMON17081 and 
PMON17082 showed glyphosate-tolerant colonies at three days at 30»C at 
about half the size of the controls on the same media lacking glyphosate. This 
result suggested that the 3.8 kb fragment contained an intact EPSPS gene. 
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The apparent lack of orientation-dependence of this nK . 

, pi^UN17082 showed much greater growth than DMONl7n«i 
suggesting that the EPSPS eene w«« ^ ^ PMON17081, 

^coRI site. '""'"'^^ «te towards the 

was begun fh)m a number of restrictions ^ 
— ng the ...HI site discussed above. Se^uenceTrrngt:": 
e ue that closely matched the N-tenninus protein sequence an ZZ 

SEoT^^^^ ^^^^^^^^^2«)^^^«^-i-ftheEDV.Tp:l e 

SEQ ID NO:23) were localized to the Sa/I side of this Ba.HI site. Lse 
data prodded conclusive evidence for the Coning of the CP4 EPSPS gene 1 
for the direction of transcription of this gene. Tl.ese data coupled with the 
restr^ctxon mapping data also indicated that the complete gene was located 

''J''''' '^^^ '^^^^'^^ -'^^ioned into 

pBlueScnpt. The nucleotide sequence of almost 2 kb of this fragment was 
determined by a combination of sequencing from cloned restriction fragments 
and by the use of specific primers to extend the sequence. The nucleotide 
sequence of the CP4 EPSPS gene and flanking regions is shown in Figure 3 
(SEQ ID N0:2). The sequence corresponding to peptide 61-24-25 (SEQ ID 
NO:19) was also located. The sequence was determined using both the 
SEQUENASE™ kit from IBI (International Biotechnologies Inc.) and the T7 
sequencing/Deaza Kit from Pharmacia. 

That the cloned gene encoded the EPSPS activity purified from the 
Agrobacterium sp. strain CP4 was verified in the following manner: By a series 
of site directed mutageneses, Bglll and Ncol sites were placed at the 
N-terminus with the fMet contained within the iVcoI recognition sequence the 
first internal .Vcol site was removed (the-second internal iVcoI site was 
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The following list indnH^c f k • directed mutagenesis. 

...... "■~..rr„tr"ir:,-'rr.sr 

Mutagenesis was carried out hv th^ j 'ii'ai'S gene. 

«... ^ II , ^ ^ procedures of Kunkel et al li<M-7\ 

essent^lly as described in Sambrooic et ai. (1989). ' 

2EME£glfc (addition of B^m and TVcoI sites to N-tenninus) 



PRIMER Sph? (addition of SpAI site to N-terminus) 



EE^EE^ (addition of Sad site inunediately after stop codons) 

GGCTGCCTGATGAGCTCCACAATCGCCATCGATGG 
(SEQ ID NO:26) 



PRIMER N1 (removal of internal Notl recognition site) 

CGTCGCTCGTCGTGCGTGGCCGCCCTGACGGC 
(SEQ ID NO:27) 

PRIMER NffPl (removal of first internal iVcoI recognition site) 

CGGGCAAGGCCATGCAGGCTATGGGCGCC 
(SEQ ID NO:28) 



PEIMEEJi£o2 (removal of second internal ATcoI recognition site) 

CGGGCTGCCGCCTGACTATGGGCCTCGTCGG 
(SEQIDNO:29) 
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This CP4 EPSPS gene was then cloned as a Ncol-Bamm N-terminal 
fragment plus a BamHl-Sacl C-terminal fragment into a PrecA-genelOL 
e™ vector similar to those described (Wong et al., 1988; OHns et al., 
1988) to form pMONl7101. Tl.e K„ for PEP and the K. for glyphosate were 
determined for the EPSPS activity in crude lysates of pMONl7101/GB100 
ransformantsfollowinginduction with nahdixic add (Wong et al., 1988)and 
found to be the same as that determined for the purified and crude enzyme 
preparations from Agrobacterium sp. strain CP4. 

anil frgm Pseufi^tmonns, f ^ ^j^ pn^flH;} 

A cosmid bank of partially ^findlll-restricted LBAA DNA was 
constructed in E. coli MM294 in the vector pHC79 (Hohn and Collins 1980) 
This bank was probed with a full length CP4 EPSPS gene probe by'colony 
hybridization and positive clones were identified at a rate of ~1 per 400 
cosmids. The LBAA EPSPS gene was further locaHzed in these cosmids by 
Southern analysis. The gene was located on an -2.8 kb Xhol fi-agment and by 
a series of sequencing steps, both from restriction fragment ends and by using 
the oligonucleotide primers from the sequencing of the CP4 EPSPS gene, the 
nucleotide sequence of the LBAA EPSPS gene was completed and is presented 
in Figure 4 (SEQ ID NO:4). 

The EPSPS gene from PG2982 was also cloned. The EPSPS protein was 
purified, essentially as describ^e^r the CP4 enzyme, with the following 
differences: Following the^-SephSreee CL-4B column, the fractions with the 
highest EPSPS activity were pooled and the protein precipitated by adding 
solid ammonium sulfate to 85% saturation and stirring for 1 hour. The 

'""^^ collected by centrifugation, resuspended in Q 
^Hptrapose^uffer and following dialysis against the same buffer was loaded 
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Sepharose coluan, -40 mg of protein in 100 mM THs pH 7.8. 10% glycerol 
Phenyl S»pe«« (Pharmacia) column. The column waa eluted at 10 

«,PKi^*""^t*y n« »fP"tein from the active fractiona of the Phenyl 
S»pe«se 10/10 column waa loaded onto a Pharmacia Mono P^fo 
Ctomatofo^ng column with a flow rate of 0.75 ml/minutea. The starting 
buffer waa 25 mM bis-Tris at pH 6.3, and the column waa eluted with 39 ml of 
Polybuffer 74. pH 4.0. Approximately 50 « of the peak fraction from the 
Chromatofocuaing column waa dialyzed into 25 mM ammonium bicarbonate 
Hue sample was then used to determine the N-terminal amino add sequence. ' 
The N-tenninal sequence obtained was: 

XHSASPKPATARRSE (where X = an unidentified residue) 
(SEQ ID NO:30) 

A number of degenerate oligonucleotide probes were designed based on 
this sequence and used to probe a libraiy of PG2982 partial-^Tmcilll DNA in 
the cosmid PHC79 (Hohn and Collins, 1980) by colony hybridization under 
nonstringent conditions. Final washing conditions were 15 minutes with IX 
SSC, 0.1% SDS at 55°C. One probe with the sequence 
GCGGTBGCSGGYTTSGG (where B = C, G, or T; S = C or G. and Y = C or T) 
(SEQ ID N0:31) identified a set of cosmid clones. 

The cosmid set identified in this way was made up of cosmids of diverse 
HindlU fragments. However, when this set was probed with the CP4 EPSPS 
gene probe, a cosmid containing the PG2982 EPSPS gene was identified 
(designated as cosmid 9C1 originally and later as pMON20107). By a series of 
restriction mappings and Southern analysis this gene was localized to a -2.8 
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kb A^oI fragment and the nucleotide sequence of this gene was detennined 
This DNA sequence (SEQ ID N0:6) is shown in Figure 5. There are no 
nucleotide differences between the EPSPS gene sequences from LBAA (SEQ 
ID N0:4) and PG2982 (SEQ ID N0:6). The kinetic parameters of the two 
enzymes are within the range of experimental error. 

A gene from PG2982 that imparts giyphosate tolerance in E. coli has 
been sequenced CFitzgibbon, 1988; Fitzgibbon and Braymer, 1990) The 
sequence of the PG2982 EPSPS Class II gene shows no homology to the 
previously reported sequence suggesting that the glyphosate-tolerant 
phenotype of the previous work is not related to EPSPS. 

C h aractfriTintion of the fpsps frn^ p^-fius «^hmi. 

Bacillus subtilis 1A2 (prototroph) was obtained from the Bacillus 
Genetic Stock Center at Ohio State University. Standard EPSPS assay 
reactions contained crude bacterial extract with, 1 mM phosphoenolpyruvate 
(PEP), 2 mM shikimate-3-phosphate (S3P), 0.1 mM ammonium molybdate, 5 
mM potassium fluoride, and 50 mM HEPES, pH 7.0 at 25°C. One unit (U)'of 
EPSPS activity is defined as one nmol EPSP formed per minute under these 
conditions. For kinetic determinations, reactions contained crude bacterial, 2 
mM S3P, varying concentrations of PEP, and 50 mM HEPES, pH 7.0 at 25°C. 
The EPSPS specific activity was found to be 0.003 U/mg. When the assays 
were performed in the presence of 1 mM giyphosate, 100% of the EPSPS 
activity was retained. The appK^CPEP) of the B. subtilis EPSPS was 
determined by measuring the reaction velocity at varying concentrations of 
PEP. The results were analyzed graphically by the hyperbolic, Lineweaver- 
Burk and Eadie-Hofstee plots, which yielded appKm(PEP) values of 15.3 jiM, 
10.8 ^iM and 12.2 ^iM, respectively. These three data treatments are in good 
agreement, and yield an average value for appKmCPEP) of 13 ^iM. The 
appKi(giyphosate) was estimated by determining the reaction rates of B. 
subtilis 1A2 EPSPS in the presence of several concentrations of giyphosate, at 
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a PEP concentration of 2 uM These r..Q,Wfe , 

.nnPC r 1 ; WK.(glyphosate) was determined graphicaUy The 

appKi(glyphosate) was found to be 0.44 mM. 

The EPSPS expressed from the B. subtilis aroE gene described H 
Henner et al. (1986) was also studied Th. ^^^^^^^^^ by 

rEPqP9^ ^ u ^ studied. The source of the B, subtilis aroE 

(EPSPS) gene was the E coli plasmid-bearing strain ECEl 9 r • • 7 
MM294rn trninni tr ^'^^^^ ^CE13 (ongmal code = 

MM294[p rplOO]; Henner, et al., 1984; obtained from the Bacillus Genetic 
Stock Center at Ohio State University; the culture genotype is [pB^t 
trplOO] Ap [in MM2941 rDBRq99..« • LpBR322 
PL MM^y4J LpBR322::6 kb insert with trpFBA-hisH]) Two 
strategies were taken to express the enzyme in E coli GBlOO (a.oAO 1) le 
gene was isolated by PGR and cloned into an overexpression vector, and 2 the 
gene was subcloned into an overexpression vector. For the PGR cloning o the 
a. subt^UsaroE from EGE13, two oligonucleotides were synthesized which 
incorporated two restriction enzyme recognition sites iNdel and ^coRI) to the 
sequences of the following oligonucleotides: 

GGAACATATGAAACGAGATAAGGTGCAG (SEQ ID NO:45) 
GGAATTCAAACTTGAGGATGTTGAGATAGAAAATG (SEQ ID NO:46) 

The other approach to the isolation of the B. subtilis aroE gene, subcloning 
from ECE13 into pUGllS, was performed as follows: 

(i) Cut EGE13 and pUG withXmal and Sphl. 

(ii) Isolate 1700bp aroE fragment and 2600bp pUGllS vector fragment, 
(ill) Ligate fragments and transform into GBIOO. 

The subclone was designated pMON21133 and the PCR-derived clone was 
named pMON21132. Clones from both approaches were first confirmed for 
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• complementation of the aroA rT,«f«4.- 

tue aroA mutation m E cnli riRinn 

exhibited EPSPS specific activities of 0.044 ^/^ a^d 0 71 ^ 
subclone (pMON2X133, and PCH-daHved Cone momlZ7.1: 
respectively. TT,ese specific activities reflect the e:cpLd^ of el 

irrrtT—tx^rr"^^""^ 

subclones CpMO^./^^ir ere^^^^^^^^ 
«vel. I^e appPCPEP, and the appK^^lyphU^l^TdT 
SUBUI. EPSPS ,pMON21133, we„ dete^ined as described Tj^Zl . 
we« analysed graphically by the sa»e methods used for ^e 1^1^ ^'"^ 
the ^u. .tained were comparable to those reported aJl^^ir 

The fanefc properties of the S. a^^ EPSPS expressed in £. ooU were 
determmed, including the specific activity, the appK.(PEP,. and the 
appKi(glyphosate). The S. aureu, EPSPS gene has been previously described 

(O' Connell et al., 1993) 

The strategy taken for the cloning of the S. aureus EPSPS was 
polymerase chain reaction (PGR), utilizing the known nucleotide sequence of 
the S. aureus aroA gene encoding EPSPS (O' Connell et al., 1993) The S 
aureus culture (ATCC 35556) was fermented in an M2 facility in three 250 mL 
shake flasks containing 55 mL of TYE (tryptone 5g/L, yeast extract 3 g^, pH 
6.8). The three flasks were inoculated with 1.5 mL each of a suspension made 
from freeze dried ATCC 35556 S. aureus cells in 90 mL of PBS (phosphate- 
buffered saline) buffer. Flasks were incubated at 30°C for 5 days while shaking 
at 250 rpm. The resulting cells were lysed (boiled in TE [tris/EDTA] buffer for 8 
minutes) and the DNA utilized for PGR reactions. The EPSPS gene was 
ampUfied using PCR and engineered into an E. coLi expression vector as follows- 



(i) 



(ii) 
(iii) 
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y oUgonucleotidea were s^thesized which incorporated two restriction 
enzj^e recognition sites (Ncol and Sad, to the sequences ti^^he 
oligonucleotides: m cs oi ine 

GGGGCCATGGTAAATGAACAAATCATTG (SEQ ID NO:47) 

GGGGGAGC^rCATTATCCCTCAnTTOTAAAAGC (SEQIDNO:48) 

The purified, PCE-a^pUfied aroA gene from S. aureus was digested usin^ 
Ncol and Sad enzymes. 

DNA of pMON 5723. which contains a pRecA bacterial promoter and 
GenelO leader sequence (Olins et aL, 1988) was digested Ncol and Sad 
and the 3.5 kb digestion product was purified, 
(iv) The S. aureus PGR product and the Ncol / Sad pMON 5723 fragment 

were ligated and transformed into E. coli JMlOl competent ceUs. 
(V) Two spectinomycin-resistant E. coli JMlOl clones from above (SA#2 
and SA#3) were purified and transformed into a competent aroA- E. coli 
strain, GBIOO 

For complementation experiments SAGB#2 and SAGB#3 were utilized, 
which correspond to SA#2 and SA#3, respectively, transformed into E. coli 
GBIOO. In addition, E. coli GBIOO (negative control) and pMON 9563 (wt 
petunia EPSPS, positive control) were tested for AroA complementation. The 
organisms were grown in minimal media plus and minus aromatic amino adds. 
Later analyses showed that the SA#2 and SA#3 clones were identical, and 
they were assigned the plasmid identifier pMON21139. 

SAGB#2 in E. coli GBlOO (pMON21139) was also grown in M9 minimal 
media and induced with nahdixic acid. A negative control, E. coli GBIOO, was 
grown under identical conditions except the media was supplemented with 
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aromatic amino acids. The ceUs were harvested, washed with 0.9% NaCl and 
frozen at ^0»C, for extraction and EPSPS analysis. 

The frozen pMON21139 B. coU GBIOO cell pellet from above was 
extracted and assayed for EPSPS activity as previously deschbed. EPSPS 
assays were performed using 1 mM phosphoenolpyruvate (PEP) 2 mM 
sh.We.3.phosphate (S3P), 0. 1 mM ammonium moiybdate 5 mM 
potassium fluoride. pH 7.0, 25'C. The total assay volume was 50 ^L which 
contamed 10 ML of the undiluted desalted extract. 

The results indicate that the two clones contain a functional 
aroA/EPSPS gene since they were able to grow in minimal me^a wWch 
contained no aromatic amino acids. As expected, the GBIOO culture did not 
grew on minimal medium without aromatic amino adds (since no functional 
EPSPS IS present), and the pMON9663 did confer growth in minimal media 
These results demonstrated the successfal cloning of a functional EPSPS gene 
from S. aureus. Both clones tested were identical, and the E. coli expression 
vector was designated pMON21139. 

The plasmid pMON21139 in E. coli GBIOO was grown in M9 minimal 
media and was induced with nalidixic acid to induce EPSPS expression driven 
from the RecA promoter. A desalted extract of the intracellular protein was 
analyzed for EPSPS activity, yielding an EPSPS specific activity of 0.005 
^imol/min mg. Under these assay conditions, the S. aureus EPSPS activity was 
completely resistant to inhibition by 1 mM glyphosate. Previous analysis had 
shown that E. coli GBIOO is devoid of EPSPS activity. 

The appK™(PEP) of the S. aureus EPSPS was determined by measuring 
the reaction velocity of the enzyme (in crude bacterial extracts) at varying 
concentrations of PEP. The results were analyzed graphically using several 
standard kinetic plotting methods. Data analysis using the hyperbolic. 
Lineweaver-Burke, and Eadie-Hofstee methods yielded appKm(PEP) constants 
of 7.5, 4.8, and 4.0 ^M, respectively. These three data treatments are in good 
agreement, and yield an average value for appKn,(PEP) of 5 pM. 

51 ■ 
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obtained by detemunxng the reachon rates of the enz,„,e in the preselTf 
sevej^ concentrations of glyphosate, at a PEP concentration of 2 MM The^ 
resets were con.pared to the calcuUted nu«mal velocity of the EKPS^ 
mafang the assumption that glyphosate is a competitive inhibitor versus'pEP 
for S. aureus EPSPS, as it is for all other characterized E^fZ 
appKi(glypho3atei was detennined graphically. Tte appK.Cglyphosate) f^ S 

aureu. EPSPS estimated using this method was found to be 0.20 mM 

The EPSPS from S. aureus was found to be glyphosate-tolerant, with an 
appKi(glyphosate) of approximately 0.2 mM. In addition, the appK„(PEP) for 
the enzyme is approximately 5 ^M, yielding a appKKglyphosate) / appK„(PEP) 



A l tfimntiYf Tiolation Protocols fn, Ofi.^, ^i^^^ „ p^am, f ,tnirtl1l ill 

A number of Class II genes have been isolated and described here While 
the clomng of the gene from CP4 was difficult due to the low degree of similarity 
between the Class I and Class II enzymes and genes, the identification of the 
other genes was greatly facilitated by the use of this first gene as a probe In 
the clomng of the LBAA EPSPS gene, the CP4 gene probe allowed the rapid 
Identification of cosmid clones and the localization of the intact gene to a small 
restriction fragment and some of the CP4 sequencing primers were also used to 
sequence the LBAA (and PG2982) EPSPS gene(s). The CP4 gene probe was 
also used to confirm the PG2982 gene clone. The high degree of similarity of the 
Class II EPSPS genes may be used to identify and clone additional genes in 
much the same way that Class I EPSPS gene probes have been used to clone 
other Class I genes. An example of the latter was in the cloning of the A. 
thaliana EPSPS gene using the P. hybrida gene as a probe (Klee et al., 1987). 

Glyphosate-tolerant EPSPS activity has been reported previously for 
EPSP synthases from a number of sources. These enzymes have not been 

^0 
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characterized to any extent in most cases The nf pt r 
FPQPQ „ . t-ases. ine use of Class I and Claaa FT 

EPSPS gene probes or antibody probes provide a rapid means of n 
screening for the nature of the EPSPS and provide tools for th™ 1 
and characterization of the genes for such enzymes. ' 

Two of the three genes described were isolated from bacteria th«. 
.solate^^^^^^ a glyphosate treatment facility (Strains CP4 it 
tlnrd (PG2982) was from a bacterium that had been isolated from ^t^^ 
CO lecon strain. T^s latter isolation confinns that exposure to .^^^^ 
Tdlur"^ for the isolation of high glyphosate-.lerant EpIp^ 
a.d that the screemng of collections of bacteria could yield additional iIZs 
It IS possible to enrich for glyphosate degrading or glyphosate resistaTt 
— populations (Quinn et al., 1988; Talbot et aL, 1984) in cases ^^^l 
was felt that enrichment for such microorganisms would enhance the isola Jon 

!rSs r ^^^^^^ ---- 

class II EPSPS gene have also been identified. A bacterium caUed C12. isolated 
from the same treatment column beads as CP4 (see above) but in a medium in 
which glyphosate was supplied as both the carbon and phosphorus source was 
shown by Southern analysis to hybridize with a probe consisting of the CP4 
EPSPS coding sequence. This result, in conjunction with that for strain LBAA 
suggests that this enrichment method facilitates the identification of Class 11 
EPSPS isolates. New bacterial isolates containing Class II EPSPS genes have 
also been identified from environments other than glyphosate waste treatment 
facilities. An inoculum was prepared by extracting soil (from a recently 
harvested soybean field in JerseyviUe, Illinois) and a population of bacteria 
selected by growth at 28oC in Dworkin-Foster medium containing glyphosate 
at 10 mM as a source of carbon (and with cycloheximide at 100 ng/ml to 
prevent the growth of fungi). Upon plating on L-agar media, five colony types 
were identified. Chromosomal DNA was prepared from 2ml L-broth cultures of 
these isolates and the presence of a Class II EPSPS gene was probed using a 
the CP4 EPSPS coding sequence probe by Southern analysis under stringent 



\ 



it 




38-21(10660)A 



« f SPS enzymes are identifiable by an elevated Ki for 

" '•o^'^- of ae gene fron. recombinant 

Plasm^ds or phage may be achieved through the use of a variety of e^^reTn 
promoters and i«lude the T7 promoter and polymerase. Tke T7 promoUr and 
polyme^se system has been shown to work in a wide range of bacterial 
mammal.an) hosts and offers the advantage of expression of many proteins 
that may be present on large cloned fragments. Tolerance to ^owth ol 
glyphoaate may be shown on minimal growth media. In some cases other 
genes or condxtions that may give glyphosate tolerance have been observed 

r.nTT"" *e gene (Fitzgibbon and 

Braymer, 1990), or the gene for glyphosate oxidoreductase (PCT Pub No 
WO92/00377). These are easily distinguished from Class II EPSPS by the 
absence of EPSPS enzyme activity. 

The EPSPS protein is expressed from the aroA gene (also called an,E in 
some genera, for example, in Bacillus) and mutants in this gene have been 
produced in a wide variety of bacteria. Determining the identity of the donor 
orgamsm (bacterium) aids in the isolation of Class II EPSPS gene - such 
identification may be accompUshed by standard microbiological methods and 
could include Gram stain reaction, growth, color of culture , and gas or acid 
production on different substrates, gas chromatographv analysis of 
methylesters of the fatty acids in the membranes of the microorganism and 
determmation of the GC% of the genome. The identity of the donor provides 
information that may be used to more easily isolate the EPSPS gene. An 
AroA- host more closely related to the donor organism could be employed to 
clone the EPSPS gene by complementation but this is not essential since ' 
complementation of the E. coU AroA mutant by the CP4 EPSPS gene was 
observed. In addition, the information on the GC content the genome may be 
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used in chooosing nucleotide probes - donor sources with high GC9 . 
preferably use the CP4 PPqPQ ^ would 

with W GC w<^a JrlS^r I " 

preferably employ those from BaciUus subtUis. for example. 



The deduced amino acid sequences of a number of CI,., r . . 
ClflCQ n PPQDo • T « munoer ot Class I and the 

uass II EPSPS enzymes were compared usin^ the Ra«ffif 
provided in the UWGCG n«.t Z computer program 

me UWUOG package (Devereux et al. 1984) Th^ a 

sequences is remarkahlv r ■ ^ protem 

-1 remarsawy high, for instance, comparing E. coU with <J 

<ypA"nunum similarity/identitv-tci^/sflffi j B xi. cow with S. 

a Plant EPSPS (P , " 93%/88%) and even comparingi:. cott with 

aplant EPSPS iP^u^nu. hybnd.; 72%/55%). TTiese data are shown in Table IV 
The c mpanson of sequences between Cass I and Class II. however, sh Is a 

... CP. csE. I. ^o^:^:r^^:r:rz 

residues and is presented in Figure 6. Previous analyses of EPSPS sequences 
had noted the high degree of conservation of sequences of the enzymes and the 
almost mvariance of sequences in two regions - the ' ^O-SS" and "95-107" 
regions (Gasser et al., 1988; numbered according to the Petunia EPSPS 
sequence) - and these regions are less conserved in the case of CP4 and LBAA 
when compared to Class I bacterial and plant EPSPS sequences (see Figure 6 
for a comparison of the E. coLi and CP4 EPSPS sequences with the E coLi 
sequence appearing as the top sequence in the Figure). The corresponding 
sequences in the CP4 Class II EPSPS are: 

PGDKSISHRSFMFGGL (SEQ ID NO:32) and 

LDFGNAATGCRLT (SEQ ID NO:33). 
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In the CP4 EPSPS an alanine residue is present at fK •• , 
position. The .placement ofthe conserved ^yJJ^tZ ^T^'^ 
by an alanine results in an elevated K f„,.i u . 

K„ for PEP in da^ I EPSP^ l l " » '^^ 

m »^iass 1 liFSPS. In the case of the CP4 EPSPq u 

enzymes differ in many aspects from the EP9Pq 
heretofore characterized ^ enzymes 

NO 5) EPSPS deduced anuno acid sequences with the CP4 sequence =nn». 
a. the top sequence in the Fi^. sy^hols used in Fi^lTZ^'ZZ 
s andard symbols used in the Bestfit computer p^gran. to designate d^ 
of Similarity and identity. -t-e aegrees 
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TahlA TVA iJi 




Comparison hfttwAan 



S. cerevisiae vs. CP4 
A nidulans vs. CP4 
B. napus vs. CP4 
A thaliana vs. CP4 
N. tabacum vs. CP4 
L. esculentum vs. CP4 
P. hybrida vs. CP4 
Z. mays vs. CP4 
S. gallinarum vs. CP4 
S. typhimurium vs. CP4 
S. /typAi vs. CP4 
K. pneumoniae vs. CP4 
Y. enterocolitica vs. CP4 
/f. influenzae vs. CP4 
P. multocida vs. CP4 
A salmonicida vs. CP4 
5. pertussis vs. CP4 



54 
50 
47 
48 
50 
50 
50 
48 
51 
51 
51 
56 
53 
53 
55 
53 
53 



identity 

30 
25 
22 
22 
24 
24 
23 
24 
25 
25 
25 
28 
25 
27 
30 
23 
27 



E. coll vs. CP4 

E. coli vs. LBAA. 

E. coli vs. B. subtilis 

E. coli vs. D. nodosus 

E. coli vs. iS. aureus 

E.coli vs. Synechocystis sp. PCC6803 



52 
52 
55 
55 
55 
53 



26 
26 
29 
32 
29 
30 
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ga mnarisffn hftwpen cw^.i FPgpg ^^ ^^^ 

aimilarii^r identity 

E. coUvs.S. typhimurium 93 qo 

P.hybridavs.E.coli 72 



Z). nodosus vs. CP4 
LBAA vs. CP4 
PG2892 vs. CP4 
S. aureus vs. CP4 
B. subtilis vs. CP4 



1 Class n FPSPs nrot^is, ffftpif nm 

fiimilfli^lY identity 



62 
90 
90 
58 
59 



Synechocystis sp. PCC6803 vs. CP4 62 



43 
83 
83 
34 
41 
45 



The EPSPS sequences compared here were obtained from the foUowine 
references: £ CO/: Rogers et al., 1983; S. typhimunum, Stalker et al 1^85^ 

~'^TS^n:'^^^^^^^ Dana Chieskf. 

fh^rr^TT' Computer Group, (1991), Program Manual for 



The relative locations of the major conserved sequences among Class II 
EPSP synthases which distinguishes this group from the Class I EPSP 
synthases is listed below in Table IVB. 
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Soiim^ 




CP4 




start 


200 


end 


204 


LBAA 




start 


200 


end 


204 


PG2982 




start 


200 


end 


204 


B. subHlis 




start 


190 


end 


194 


S. aureus 




start 


193 


end 


197 



Sfifli^ Sfia^3 sgg^^ 



26 
29 



26 
29 



26 
29 



17 
20 



21 
24 



SynechocysHa sp. PCC6803 



start 
end 



210 
214 



D. nodosus 

start 195 
end 199 

min. start 190 
max. end 214 



34 
38 



22 
25 

17 
38 



1 -R-X1.H-X2-E- fSEQ ID NO:37) 

2 -G-D-K-X3- (SEQ ID NO:38) 

3 -S-A-Q-X4-K- (SEQ ID NO:39) 
-N-Xs-T-R- (SEQ ID NO:40) 



173 
177 



173 
177 



173 
177 



164 
168 



166 
170 



183 
187 



168 
172 

164 
187 



271 
274 



271 
274 



273 
276 



257 
260 



261 
264 



278 
281 



261 
264 

257 
281 



4^ 
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were dete^med to be those important for maintenaace of glyphosate 
~ and produofve Mndin. of PEP. The .nfor„.at J^^t 
these do..ns ..eluded sequence aU^.e«s of Zll 
i^yphosate-sensnive EPSPS molecules and the three-dUneasiona, x"! 
structures of £ coU EPSPS (Stalling, , al. 1991, and CP4 EPSPS Z 
~ - representative of a .l^hosate-sensitive a.e., Cass I) en^ 
and a naturaU..occurin. gl^hosate-to.erant «.e.. CUss 11, enz^e oTThe 
resent invention. These e«n.plar. .oleouies were superposed thr^ 
dnnens.onaUy and the results displayed on a computer graphics terminal 
Inspecfon of the display allowed for strueture-hased rn.e.t„„in. Tf^e 
seauence aiipunents of glyphosate-sensitive and glyphosate-resistant EPSPS 
molecules. The new sequence aUgn.ents were examined to determine 
^e^nces between Cass I and Class II EPSPS en.yn.es. Seven regions were 
.dentified and these regions were located in the x-ray structure of CP4 EPSPS 
wh>ch also contained a bound analog of the intermediate which forms 
catalytically between PEP and S3P. 

The structure of the CP4 EPSPS with the bound intermediate analog 
was displayed on a computer graphics terminal and the seven sequence 
segments were examined. Important residues for glyphosate binding were 
identified as well as those residues which stabilized the conformations of 
those important residues: adjoining residues were considered necessary for 
maintenance of correct three-dimensional structural motifs in the context of 
glyphosate- sensitive EPSPS molecules. Three of the seven domains were 
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determined not to be important for glyphosate tolerance and maintains . 
productive PEP bindine Tl.. f i, maintainance of 

det. . u ^'^'^^ four primary domains were 

determmed to be characteristic of Class II EPSPS enzymes of the 
invention: wmes of the present 



-R-X1-H-X2-!: (SEQ ID NO:37). in which 

Xi is an uncharged polar or acidic amino acid. 
X2 is serine or threonine, 

The Arginine (R) reside at position 1 is important because 
the positive charge of its guanidium group destabilizes the 
binding of glyphosate. The Histidine (H) residue at position 3 
stabilizes the .^ginine (R) residue at position 4 of SEQ ID 
N0:40. The Glutamic Acid (E) residue at position 5 stabilizes 
the Lysine (K) residue at position 5 of SEQ ID NO:39. 

-G-D-K-X3 ( SEQ ID NO:38), in which 
X3 is serine or threonine. 

The Aspartic acid (D) residue at position 2 stabilizes the 
Arginine (R) residue at position 4 of SEQ ID N0:40. The Lysine 
(K) residue at position 3 is important because for productive PEP 
binding. 
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-S-A-Q.X4-K(SEQIDNO:39).inwhich 
X4 is any amino acid, 



The Alanine (A) residue at position 2 stabilizes the 
^ne (R, residue at position 1 of SEQ ID NO:37. The Serine 
S residue at position 1 and the Gluta»ine (Q) residue at 
position 3 are important for productive S3P binding. 



■N-Xs-T-R (SEQ ID NO:40) in which 
X5 is any amino acid. 



The Asparagine (N) residue at position 1 and the 
Threonine (T) residue at position 3 stabilize residue X, at 
position 2 of SEQ ID NO:37. The Argmine (R, residue at position 
4 IS important because the positive charge of its guanidium 
group destabilizes the binding of glyphosate. 

EPsJ'T T representative of the Class II 

EPSPSs Which wou d be included within the generic structure of this group of 
EPSP synthases, the above sequences may be found within a subject EPSP 
synthase molecule within slightly more expanded regions. It is believed that the 
above-described conserved sequences would likely be found in the following 
regions of the mature EPSP synthases molecule: 
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-R-X.™- (SEQ ID NO:37) located between an^o acids 175 and 230 

of the mature EPSP synthase sequence- 
-G-D-K.X3- (SEQ ID NO:38) located between amino acids 5 and 55 of the 

mature EPSP synthase sequence- 
-S-A-Q.X..K- (SEQ ID NO:39) located bltween amino acids 150 and 200 of the 

mature EPSP synthase sequence; and 
-N-X.-T-R (SEQ ID NO:40) located between amino acids 245 and 295 of the 

mature EPSPS synthase sequence. 

One difference that may be noted between the deduced ami.n 

sequences of the CP4 and LBAA FPqPQ . • ^"^""^^ ^^'^'^^ 

A, • . , . ^PSPS proteins IS at position 100 where an 

Alamne is found in the case of fh^ n-OA , 

1X1 me case ot the CP4 enzyme and a Glycine is fnim^ i« ^-u 

^Z d 1 7 ° "-'^^ «™ been 

he appK. for glyphosate and a conc„„utant elevation in the appKm for PEP 
(lOshore et al 1986; Kishore and Shah. 1988; Sost and An.i,ein, 1990), which 
as d.scussed above, n^aiees the enzyme less efficient especially unde; 
conditions of lower PEP concentrations. The GlycinelOO of the LBAA EPSPS 
was converted to an Alanine and both the appKm for PEP and the appKi for 
glyphosate were determined for the variant. The GlycinelOOAlanine. change 
was introduced by mutagenesis using the following primer: 



CGGCAATGCCGCCACCGGCGCGCGCC 



(SEQ ID NO:34) 



and both the wild type and variant genes were expressed in E. coU in a lUcA 
promoter e.^pression vector (pMON17201 and pMON17264, respectively) and 
the appKm s and appKi s determined in crude lysates. The data indicate that 
the appKi(glyphosate) for the GIOOA variant is elevated about 16-foId (Table 
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n ^3 result is in agreement with the observation of the importance of this 
G-A change .n racing the appKi(g,^hosate, .n the CUss I EPS^^^ 
However, m contrast to the results in the Class ICA ■ 
appKnXPEP, in the Class H (LBAA, G-A van^t i ll^J T 
another distinction Between the Class U and Class I EPS^ 



Lysate prepared W: '^^^^^^ m^mUl,,t^ 

^.co/i/pMONl7201 (wild type) 5.3 28 uM* 

5.5 nM 459 nM# 



(GIOOA variant) 



@ range of PEP: 2-40 nM 
J' range of glyphosate: 0^10 ^M; # range of glyphosate: 0-5000 ^. 

The LBAA GIOOA variant, by virtue of its superior kinetic properties, should 
be capable of imparting improved in planta glyphosate tolerance. 

'^^^^^^^ ^n.. . ^.^ „...„. 

The EPSPS gene from Agrobacterium sp. strain CP4 contains 
sequences that could be inimical to high expression of the gene in plants These 
sequences include potential polyadenylation sites that are often and A+T rich 
a higher G^C% than that frequently found in plant genes (63% versus -50%)' 
concentrated stretches of G and C residues, and codons that are not used 
frequently m plant genes. The high G+C% in the CP4 EPSPS gene has a 
number of potential consequences including the following: a higher usage of G or 
C than that found in plant genes in the third position in codons, and the 




38-21(10660)A 



potential to form strong hair-pin structures that may affect ^ ■ 
-biH^ Of the RN^ The .auction in the 0.0 ^Z.Inl^^Z'ZZ 
gene, the disruption of stretches of G's and C s th. ■ 
PO.aaen.ationse,uences.anai.p„:rt:.::S:^^ 

^ZZt" ""'^ ~ ° " - 

A synthetic dP4 gene was designed to change as completely as possible 
th se .numcal sequences discussed above. In sumnuuy, the gene sljueZ 1 
redes.gned to eliminate as much as possible the following selelsTr 
a«,uence features (while avoiding the introduction of unneces^ Irin 
..tes): stretches of Gs and C's of 5 or greater; and A.T rich r^^Z 
P^donunantly, that could fimction as polyadenylation sites or potentiJ^A 
d^tabU^at^on region The sequence of this gene is shown i„ Figure 8 (SEQ ID 
N0.9). This cod:ng sequence was expressed in E. coli from the RecA promoter 
^^sayed for EPSPS activity and compared with that from the native CP4 
EPSPS gene. The apparent Km for PEP for the native and synthetic genes 
was 11.8 and 12.7, respectively, indicating that the enzyme expressed from the 
synthetic gene was unaltered. The N-terminus of the coding sequence was 
mutagenized to place an SpM site at the ATG to permit the construction of the 
CTP2-CP4 synthetic fusion for chloroplast import. The following primer was 
used to accompUsh this mutagenesis: 



GGACGGCTGCTTGCACCGTGAAGCATGCTTAAGCTTGGCGTAATCATGG 
(SEQ ID NO:35). 

Expression of r;hl,..-^p|ast ni.v.^f ed rP4 FPSPS^ 

The glyphosate target in plants, the o-enolpynivyl-shikimate-S- 
phosphate synthase (EPSPS) enzyme, is located in the chloroplast. Many 
chloroplast-localized proteins, including EPSPS. are expressed from nuclear 
genes as precursors and are targeted to the chloroplast by a chloroplast 
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ther such chloroplast protein, include the subunit (SSU, of Rib^se 
l,5.b.sphosphate carboxylase (RUBISCO). Ferredoxin, Ferredoxin 
^do^ductase, the Li,ht-harvesting.con.p,ex protein I and protein tZ 
mored„x.n F. It haa been demonstrated in and in .Uro that non- 
chloroplast pro*«ns .ay be targeted to the chloroplaat by use of proteL 
fusions with a CTP and that ptp • ^ . 

the chloroplast. "~ " ^^"^'^^ *° ^^^^ ^ P-*- to 

A^TP-CP4 EPSPS fusion was constructed between tl.e Arabidopsis 
^ W Ws CTT (Klee et at., 1987) and the CP4 EPSPS coding sjl^ 
^e Arabid^s CTP was engineered by site-directed mutagenesis to place a 
Spkl restnctxoWe at the CTP processing site. This mutagenesis replaced the 
Glu-Lys at this loWn with Cys-Met. The sequence of this CTP, designated as 
CTP2 (SEQ ID NO\0), is shown in Figure 9. The N-tennin;s ofr^P4 
EPSPS gene was modiW to place a Sphl site that spans the Met codon The 
second codon was convertW one for leucine in this step also. This change had 
no apparent effect on the m\n;o activity of CP4 EPSPS in E. coli as judged by 
rate of complementation of theVoA allele. This modified N-terminus was then 
combined with the Sad C-teriitnus and cloned downstream of the CTP2 
sequences. The CTP2-CP4 EPSPs\sion was cloned into pBlueScript KS(+). 
This vector may be transcribed in vit^sing the T7 polymerase and the RNA 
translated with 35S.Methionine to provi^aterial that may be evaluated for 
import into chloroplasts isolated from U^uca sativa using the methods 
described hereinafter (della-Cioppa et al., id^, 1987). This template was 
transcribed in vitro using T7 polymerase and\he 35S-methionine-labeled 
CTP2-CP4 EPSPS material was shown to import^nto chloroplasts with an 
efficiency comparable to that for the control PetunikEPSPS (control = 35S 
labeled PreEPSPS [pMON6140: della-Cioppa et al., 19861^. 

In another example the Arabidopsis EPSPS CTP. designated as CTP3, 
was fused to the CP4 EPSPS through an Eco RI site. The sequence of this 
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CTP3 (SEQ ID N0:12) is shown in Figure 10 An Fr pt 

into the Arabidopsis EPSPS n.«^ introduced 

oKzopsts JLFSFS mature region around amino acid 27 renla^« 
sequence -Arg-Ala-Leu-Leu- with -Ar^ T i • . replacmg the 

EPSPS gene to add an ficoRI site to efifect the f^on to the 

(SEQ n> NO:36) (the^eoEI ia underlined. 

™s^IP3.CP4 EPSPS f^ion was aiso Coned into the pB.ueSeHpt vector and 
he T7 expressed fusion was found to also import into chloroplasts with a^ 
effiaeney comparable to that for the control Petunia EPSPS (pMON6lC 

A related series of OTPs, designated as CTP4 (SphI) and CTP5 (EcoRn 
bas«i on the Petunia EPSPS CTP and gene were also fi^d to thTspS 
^ooM-modified CP4 EPSPS gene sequences. I^e Sp« site was addj" s^ 
directed mutagenesis to place this restriction site (and change the a a^d 

tp":^ ^' ing site. All of the CTP.CP4 

EPSPS fus.ons were shown to import into chloroplasts with approximately 
equal efficiency. The CTP4 (SEQ ID N0:14) and CTP5 (SEQ ID NO-16) 
sequences are shown in Figures 11 and 12. 

A CTP2-LBAA EPSPS fusion was also constructed following the 
modification of the N-tenninus of the LBAA EPSPS gene by the addition of a 
Sphl site. This fusion was also found to be imported efficiently into 
chloroplasts. 

By similar approaches, the CTP2-CP4 EPSPS and the CTP4-CP4 
EPSPS fusion have also been shown to import efficiently into chloroplasts 
prepared from the leaf sheaths of com. These results indicate that these CTP- 
CP4 fusions could also provide useful genes to impart glyphosate tolerance in 

monocot species. 
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The use of CTP2 or CTP4 ' 
constructions yield mature EPSPsYJ™"" '""^^ 
Which are c,os„ i„ composition to ^^^^ "^--PUt 

peptide signal. Those sldUed in the J u containing a tranait 

constmcts can be made which "t^Lt 7 ""^^ ^"'o- 
import a Cass II EPS^ I^^'^'YT''"'^''''''''^"^'^^ 

cMoropiaatin.portVthecln^;pnLtd''r ™^ 
assay. ^'^"'^ detemuned using the foUowing 



al., (1982). n,e finii pJle^ of T!"" ""^^^ fr<» ^""ett 

sterile 330 »M sorhi^iul^^Lt^s^SrlH: " ""^ 

(Amon, 1949), and adjusted to the Z k n ' 

(using sorbitol/Hepes TT,e ^eld oSct^r''' ' * 
lettuce is 3-6n>g chlorophyll. """"'"'^ ^ 

A typical 300 ,1 uptake experiment contained 5 mM ATP 8 ^ 
unlabeled methionine, 322 mM sorbitol at ix ^ 

» 1 , soroitol, 58.3 mM Hepes-KOH fnH R nt sn ..i 

reticulocyte lysate translation products and i„t».f J , ^ 

.OO.c. .^eupt^^ 

On 10 . 75 mm glass tubes, directly in front of a fiber optic iUuminr^t" 

about 50 m, are removed at various times and fractionated over 100 ul 
s.hco„.o,l grad ents <in 150 ,1 polyethylene tubes, by centrifugation at 11 OM 
X g for 0 seconds. Under these conditions, the intact chloroplaL form a p^ 
under the s.Ucone-oil layer and the incubation medium (containing th 
^ .culocyte lysate, floats on the surface. After centrifiigation, the siliconelu 
gradients are .mmediately frozen in dry ice. The chloroplast pellet is then 
resuspended in 50-100 u. of lysis buffer (IQ.mM Hepes-KOH pH 7.5, 1 ^ 
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PMSF, 1 mM benzamidine '5 mM ^ 

membranes. The clear supernatant (stromal proteins) fromt ' 
aU,uot or the retlonloc^e l.sate incubat^I^r earner 
experiment, are mixed with an equal volunie of 2X SDS p/r^ 
for eledxophor^sjs (LaemmH, 1970). SDS-PAGE sample buffer 

SDS-PAGE is carried out according to Laemmli (1970) in 3 17^ ^ 
ac..^deslab.ls^0mmXl.amm).th3.(wMac;.r^^^^^ 

V . IS soaked in EN3HANCFtm 

(DuPont for 20^0 minutes, foUowed by ^ the gel on a gel dryer^!; . 
.maged by autoradiography, using an intensi^ng screen andT:;^' 

:ZZ:. ^^^^^ - -P-C 'He iJaS 

Plant Tmnrf,fnn„tj^„ 

Plants which can be made glyphosate-tolerant by practice of the 
present u.ven«on include, but a« not limited to, soybean, cotton, c„n>. I la 
o, seed ,ape, flax, sugarbeet. sunflower, potato, tobacco, tomato, wheat, rice 
alfalfa and lettuce as well as various tree, nut and vine species 

A double-stranded DNA molecule of the present invention ("chimeric 
gene can be inserted into the genome of a plant by any suitable method. 
Suitable plant transformation vectors include those derived from a Ti plasmid 

Estrella ,1983), Sevan (1984), Klee (1985, and EPO publication 120,516 
(Schilperoort el alX I„ addition to plant transformation vectors derived from 
the Ti or root-mducing >Ri) plasmids ot Agrobacteriurn, alternative methods can 
be used to .nsert the DNA constructs of this invention mto plant cells. Such 
methods may .nvolve. for example, the use of liposomes, electroporation 
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chemicals that increase free DNA uptake, free DNA delivery via 
nucroprojectile bombardment, and transfonnation using viruaes or poUeZ 

Clam nRPSPS Pi.„> ^iumfn nn n tii 

apable of transforming plants by using known techniques. The foUowing 
d^cnpfon is mea^t to be illustrative and not to be read in a limiting sense 
One of ordinary stall in the art would know that other plasmids, vectors 
markers, promoters, etc. would be used with suitable results. The CTP2.CP4 
EPSPS fusion was cloned as a BglU-EcoRl fragment into the plant vector 
PMON979 (described below) to form pMON17110, a map of which is presented 
m Figure 13. In this vector the CP4 gene is expressed from the enhanced 
CaMV35S promoter (E35S; Kay et al. 1987). A FMV35S promoter construct 
(PMON17116) was completed in the following way: The Sall-Notl and the 
Notl-BgCa fragments from pMON979 containing the Spc/AAC(3)-ni/oriV and 
the pBR322/Right Border/NOS 3 /CP4 EPSPS gene segment from 
pMONlTllO were Ugated with the Xhol-Bglll FMV35S promoter fragment 
from PMON981. These vectors were introduced into tobacco, cotton and 
canola. 

A series of vectors was also completed in the vector pMON977 in which 
the CP4 EPSPS gene, the CTP2-CP4 EPSPS fusion, and the CTP3-CP4 fusion 
were cloned as Bglll-Sacl fragments to form pMON17124, pMON17119, and 
PMON17120, respectively. These plasmids were introduced into tobacco. A 
pMON977 derivative containing the CTP2-LBAA EPSPS gene was also 
completed (pMON17206) and introduced into tobacco. 

The PMON979 plant transformation/expression vector was derived from 
PMON886 (described below) by replacing the neomycin phosphotransferase 
typell (KAN) gene in pMON886 with the 0.89 kb fragment containing the 
bacterial gentamicin-3-N-acetyltransferase type III (AAC(3)-III) gene 
(Hayford et aL, 1988). The chimeric P-35S/AA(3)-III/NOS 3' gene encodes 
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gentamicin resistance which permits sel«.rHn« * 

PMON979 also contains a 0 95^ ^^-^^rmed plant ceUs. 

untams a U.95 kb expression cassette consiatin., «f *u 
enhanced CaMV 35S promoter (Kay a/ 1987) <,.v ! 

sites, and the NOS 3' end iP-En^J^sssiN^^^^^^^ Z "''"^^'^ 
nWA . 3 '• rest of the DMONQ7fl 

DNA segments are exactly the same as in pMON886 PMON979 

Plasmid PMON886 is made up of the following segments of DNA tk 
a^t sa0.931*..,.engineered-^^HV^entL,a~ 
^7 that encodes bacterial spectinomycin/streptomycin resistance (^^8^^ 
«Jch . a dete^inant for selection in E. ooU and A^o^riun. ^LTJ^ 

res.stance which permits selection of transformed plant ceUs The cZI 

gene (P-Sa^os a. consists of the cauliflower losaic 

promoter, the neomycin phosphotransferase typell (KAN) gene, and the 

1983). The next segment is the 0.75 kb orCV containing the origin of repUcation 
fr»m the HK2 plasmid. It is Joined to the 3.1 kb Sail to s^el^Tf 
PBR322 (ori322) which provides the origin of repUcation for maintenance in 
E. coh and the bom site for the conjugational transfer into ti.e AgrobacteHum 
tumefaci^ns cells. The next segment is the 0.36 kb Pvul to Bell from pTiT37 
that carries the nopaline-type T-DNA right border (Fraley et al., 1985). 

The PMON977 vector is the same as pMON981 except for the presence 
of the P-En.CaMV35S promoter in place of the FMV35S promoter (see below). 

The PMON981 plasmid contains the following DNA segments: the 0 93 
kb fragment isolated from transposon Tn7 encoding bacterial 
spectinomycin/streptomycin resistance (Spc/Str; a determinant for selection in 
£ coU !^ad Agrobacterium tumefaciens (Fling et al.. 1985)i; the chimeric 
kanamycin resistance gene engineered for plant expression to allow selection of 
the transformed tissue, consisting of the 0.35 kb cauUflower mosaic virus 35S 
promoter .P.35S) ,Odell e> al.. 1985), the 0.83 kb neomycin 
phosphotransferase typell gene (KAN), and the 0.26 kb 3.nontranslated 
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region of the nopaline synthase gene (NOS 3) (Fraley et al 

ongm of repUeation from the RK2 plasmid i ffi^lf 'l T 'l ' 

kb Sail to P.-Bl segment of nBM J ^ '""^^ ^^^'^ ^ 1981);the3.1 

^^tenancein^r. ( " f 

^ent fro. the pTiT37 p,asn.d containing ^ nop^^i:^?^:,: 
border region Fraieyef a/ 1985> TI,o . " ™ "ype T-DNA nght 

kb 35S promoter from the Zott " """'^'^ 0 6 

1989) and the 0 7 Ib l ! T (P-FMV35S) (Gowda « 

ownstream of the transcriptional start site. The CTP2 pp^ 
gene fusion was introduced inM r,io«* ^ il'2-CP4syn 

The plant vector containing the Class II EPSPS gene mav hp n,nK-i- . 

A suitable ABl stram is the A208 Agrobaotenum tumefacUno canning the 
disarmed Ti plasmid pTiC58 (DMPSORm («„ ^ o . . 
ni»™ M J P"^oo (PMF90RK) (Koncz and Schell, 1986). The Ti 

plasmid does not carry the T-DNA phytohormone genes and the str^I I 

Lrir : '° r^^ p^-t vector 

nto ABI was done by the triparental conjugation system using the helper 
» PRK20I3 (Ditta et al., 1980). When the plant tissue is incubated v^th 
the ABI::plant vector conjugate, the vector is transferred to the plant celU bv 

h! 7^T°1 T"^^ '^'^^ "^^^ ™' -"»ns at 

the T-DNA nght border region, and the entire plant vector sequence may be 

mserted into the host plant chromosome. The pTiC58 Ti plasmid does not 
transfer to the plant ceils but remains in the Asrobacterium 
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CP4 EPSPS gene. The vector pl^msto '"^ 
Figure 15. is described here T^e T' ' "'"^'^ " ""^^ted » 

resistance; KAN) fr<» Th903rZide?sen:hT'' ""'n gene (kanan.ycin 
CTP4.EPSPS gene fusion is exnL, .? '° ^- '''e 

cassette consisting of the E35S nm . ! ^'^^^^'^^ from a second 
-3 3. se,nen J^. 3"^"^ r^L^^-f- - -on and the 
expressed from the mannopine s™th« Jefferson et al., 1937) is 

and the soybean 7S storar~ " T"*"' '""^^^ « 
Similar piasmids couid Z be ^de l^r"""^ • 
expressed from the enhail "s I f^"'"' ^"""^ ^-"-^ ^ 

Other vectors coulrf K„ °^ "^e^ P'^nt 

promoters. 

and such are within the sM T P'^*^ 

of this disclosure. — "^'^d to be within the scope 

at 19931 T. T ^"''='°''""'-"ed(Svab«a/.,1990;Maiiga« 

the '''' «e Elected, following double cross-over even,.!lto 

the piastid genome on tho .r events into 

through r chrges orLrhl^r:" " ^-"^--V^^n -ferred 

adenWtransferase e„e /sva?: r ^ ^ ^ 

t3 -jvciu ef a^., lygo: Svab and Malip^a iqqo\ 
resistance to kanamycin through th. • . 1993), or 

y n through the neomycin phosphotransferase Nptll 
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have been reported (Carrer«ai 1993- M=l '^'^ '"'™»'«*d gene 

transformation offers the adav^Co!^'' ' "'^^ 
peptide Signal sequence to resuTiTS 1 "'"""^ 

EPSPS in the chloroplasr^d Th^ 7^^° O-s H 
heterologous p,ant-ejesl :?l^~ " "-^^^ 

'eastoneeop.orthegenewouldBe-:i:Zldre:r^'"*^-'' 
Plant lj^Ff» nftf»5^| i^|| 

cei-s (orp^tXtrthi r t: : t? --^-^ - 

Plants. Choice of .ethodCf ™ -"^-"^ 
^uitaBle protocols heing a"l 1 '^^^^^^^^^ - =-«-l. with 

soybean, clover, etc.,, U.belliferae ( a^ro c^le^ 

(eabbage. radish, rapeseed etc) C„ T! ^^^ferae 
Gramineae (wheat, rice cc'r^ e c T '"" 

peppers,,va™usfl ral cro as'w l a,"^" 

*ai <-iups as well as various trp*»Q en/* v. «^ i 

scope of the present invention. Those skilled in the art ^,1 Zl^^ 

dTT rr • -"^^ - method:!:;;!:: 

de^nbed herein while not departing fro. the spirit and scope of the p^^ 

In the examples that follow FP«?P<5 o^^i,^* i . 
fv„^ , loiiow, jit'bFS activity m plants is assayed bv thp 

fol.ow.ng method. Tissue samples were collected and imn-ediatel/frol t 
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liquid nitrogen. One gram of voimcr i^of * • 
'ransferred to a second mortar o«„^ 

the sample was ^u., forrid^t^"" T '^>. 
oanolaconsistsofXOOmMTHsrrE^Tr^^^^ 

BAM. 5 mM ascorfeate. 1.0 BSA,Th ^5 « JfC^^ »M DTP. Z mM 

tobacco consists of 100 mM Tris 10 ^1 «traction buffer for 

Drr, 1 mM BAM, 5 mS^;!"^ To wlT.f ' ' 
■°i=rtnre was transfeired to a mic^rTL ^ ^ n.e 
-tin. supematants trdl^dt o":Sr " ^ 
previously equiUbrated with extraction ^^^V 

M.BioKadn.cror::::Lt;~::r^^ 
.etHod'"Br:~zr:'r:r- 

Either 800 ^ of standarf^ ^ e^a" ^ " ^ 

concentrated BioIUdBradfoM Lt^^^^'^\7/'7"^ ' 

Af595) after - 5 minutes and . . " '"'^ ^^xi 

ppopQ compared to the standard curve. 

bPSPS enzyme assays contained HEPES (50 mMi k 

Phosphate (2 mM,. NH. moiybdate (0.1 mM) and (5 uT 

glyphosate (0.5 or 1 0 mM) Th» » " 

were preincubated f;^r Tm nutaH^' ^"^ 

adding ..C-PEP (1 mM) Z T 

the resuitin, supematants w r" 

Percent resistant EPSPq • . . ^^C-EPSP production by HPLC. 

without^j:::' ^"^^ '--^ ^'-^^^ -^th and 



The percent conversion of 14C labeled PFP f« mo Trr.oT> 

by HPLC radioaasay using a C18 1, . ! 1 

y using a CIS guard cohimn (Brownlee) and an AXlOO 
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IffLC column (0.4 X 25 cm, Synchropak) with 0.28 M isocratic not«« • 
phosphate eluant, pH 6 5 at 1 ml/mi« t i , • ^^^"^ Potassium 

, . mi/min. Imtial velocities were calculflto^ k 

multiplying fractional turnover per unit tim. u^.u ■ , *^^<^ated by 
labeled substrate (1 mM) The 17 T «>ncentration of the 

osirate u mM). The assay was linear with time up to - ? mi« . 
and 30% turnover to EP9PQ q« i ^P to - 3 mmutes 

umover to bPSPS. Samples were diluted with 10 mM TH« ^r^cr 
glycerol, 10 mM DTT dH 7 5 Uor\ if « n lu mM Tns, 10% 

linearis. ^ necessary to obtain results within the 

In these assays DL-dithiotheitol (DTT), benzamidine (BAM) and • 
serum albumin (BSA, essentially globulin free) were obtair^ s^I^ 

PH«^^^ — Td 

v^jpyruvate ( 28 mCi/mmol) was from Amersham. 

Example ^ 

Class nST'' = "^^^ 

uass II EPSPS gene vectors containing the CP4 EPSPS DNA sequence as 

descnbed above with suitable expression of the EPSPS. These transfonned 
plants exhibit glyphosate tolerance imparted by the Class II CP4 EPSPS 

Transformation of tobacco employs the tobacco leaf disc transformation 
protocol which utilizes healthy leaf tissue about 1 month old. After a 15-20 
mmutes surface sterilization with 10% Clorox plus a surfactant, the leaves are 
nnsed 3 tames in sterile water. Using a sterile paper punch, leaf discs are 
punched and placed upside down on MS104 media (MS salts 4.3 gfl, sucrose 30 
g/1, B5 vitamins 500X 2 ml/1, NAA 0.1 mg,l, and BA 1.0 mg^) for a 1 day 
preculture, 

The discs are then inoculated with an overnight culture of a disarmed 
Agrobacterium ABI strain containing the subject vector that had been diluted 
1/5 iue.: about 0.6 OD). The moculation .s done by placing the discs in 
centrifuge tubes with the culture. After 30 to 60 seconds, the liquid is drained 
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off and the discs were blotted between sterile filf 

puce. .. . ..s.o....p.:r:rx::^^ 

and individual clumps sr. separated fr„„ the leaf d^^ S^o^ 

the caUus .hen the^arela^ enough to bel^^TZI^'^'^r 
shoots are placed on honnone-free rooting .edia ^^^^Ti^ 
sucrose 30 g/1, and B5 vitannns 500X 2 n,I/li ■ 

antibiotic resistance RooTZT ""P""-*-** 
lance. Koot formation occurred in 1-2 weeks An» .. 

ambient humidity conditions. S^a-J^aUy exposmg them to 




Tobacco cells were transformed with a numh., r , 
containing the native CP4 EPSPS .e„. 7 ! T " """"'^ 

CTP s. Preliminary evidencT f """^ 

f«ii . . Siypnosate-tolerant callus was selected direct! v 

following transformation The IpvpI of ^ ■ . airectly 

J . °^ expression of the CP4 FP«5pq «, 

~:^s:rj:':::t^^^^^ - ---^^ ^ -t anti. 

, ""'^ qnantitated by densitometer 

EPSPS. ™ese data are presented as % soluble leaf protein. The data from a 





-65- 



Vector 

pMONl7110 

PMON17110 

PMON17116 

PMON17119 

PMON17119 

pMONl7119 



Plant # 



25313 

25329 

25095 

25106 

25762 

25767 
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CP4EPSPS** 
(% leaf protein) 

0.02 

0.04 

0.02 

0.09 

0.09 

0.03 



Gl3T>liosate-tolerant EPSPq e,^*.- -j. 
for these plants. demonstrated in leaf e^cts 



CTP2.CP4 EPSPS w™ ! 7 " '° "-'fo^ants of 

sufficient to mlZ Zr"; ""^"'^ ''^«'-=>' « 

ratin. of 3. 1 JT^Z Z ^T^^ '"'^^ corresponding to a 

ve«andreprodn : , ^ — d 
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Vegetative 



Score** 



Fertile 



Vector/Plant # 



pM0Nl7 110/253 13 
pMON17110/25329 
PMON17119/25106 



* Spray rate = 0.4 lb/acre (0.448kg/hectare) 

-Plants are evaluated on a numerical scoring system of 0-10 where a 
^ge at.ve score of 10 represents no damage relative to nonsprayed Inrols 

28^ays after spraying and are evaluated as to whether or not the plant L 



day 7 


day 14 


day 28 




6 


4 


2 


no 


9 


10 


10 


yes 


9 


9 


10 


yes 



Canola plants were transformed with the pMONl7110. pMONl71l6 
and PMON17131 vectors and a number of plan, lines of the transformed 
canola were obtained which exhibit glyphosate tolerance. 

Plant Mat^tn^^ 

Seedlings of Brassica napus cv Westar were established in 2 inch (~ 5 
cm) pots containing Metro Mix 350. They were grown in a growth chamber at 
24°C, 16/8 hour photoperiod, light intensity of 400 uEm-2sec-i (HID lamps) 
They were fertilized with Peters 20-10-20 General Purpose Special. After 2 1/2 
weeks they were transplanted to 6 inch (~ 15 cm, pots and grown in a growth 
chamber at 15/10»C day/night temperature. 16/8 hour photoperiod light 
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'^"**'™""""^lfrtifrn i 1 »«~.^T ntinn 

Four tenninal intemodes from plants just prior to bolting or in th. 
process of boltmgiut before flowering were removed and surfaced sLU 
70% v/vethanol fori minute 2% w/v<^- u ° st*"^"! m 

ri„„rf<,* "'^ hypochlorite for 20 minutes and 

nnsed 3 tunes w,th sterile deionized water. Stems with leaves attache^^o^^ 
be .fi^gerated in moist plastic bags for up to 72 hours prior to st»H^l 
to seven stem segments were cut info , enuzanon. bix 

or on« ^ "^'^^^^ a Redco Vegetable 

Sheer 200 maintaining orientation of basal end. 

^^^'•^^'^^^^""'^ was grown overnight on a rotator at 240C in 2 
Luna Broth containing 50mg/l kanamycin, 24mg/l chloramphenicol and 100 
spectmomycin. A 1:10 dilution was made in MS (Murashige and Skoog) 
media g^vmg approximately 9x103 cells per ml. This was confirmed with optical 
density readmgs at 660 mu. The stem discs (explants) were inoculated with 1 0 
ml of Agrobacterium and the excess was aspirated from the explants 

The explants were placed basal side down in petri plates containing 
yiOX standard MS salts. B5 vitamins, 3% sucrose, 0.8% agar, pH 5.7. 1.0 m^ 
6-benzyiadenine (BA). The plates were layered with 1.5 ml of media containing 
MS salts, B5 vitamins, 3% sucrose, pH 5.7, 4.0 mg/1 p-chlorophenoxyacetic 
add, 0.005 mg/1 kinetin and covered with sterile filter paper. 

Following a 2 to 3 day co-culture, the explants were transferred to deep 
dish petri plates containing MS salts, B5 vitamins, 3% sucrose, 0.8% agar, pH 
5.7, 1 mg/1 BA, 500 mg/1 carbenicillin, 50mg/l cefotaxime, 200 mg/1 kanamycin 
or 175 mg/1 gentamicin for selection. Seven explants were placed on each plate. 
After 3 weeks they were transferred to fresh media, 5 explants per plate. The 
explants were cultured in a growth room at 25°C, continuous light (Cool White). 
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After 3 weeks shoots were excised from the explants. Leaf recallusing 
assays were initiated to confinn modification of Ro shoots. Three tiny pieces of 
leaf tissue were placed on recaUusing media containing MS salts, B5 vitamins 

CN^Zn T T' '-'"^ -tic add 

(NAA). 500 mg/1 carbenicilUn, 50mg^ cefotaxime and 200 mg/1 kanamycin or 

gentamicin or 0.5 mM glyphosate. The leaf assays were incubated in a growth 
room under the same conditions as explant culture. After 3 weeks the leaf 
recallusmg assays were scored for herbicide tolerance (callus or green leaf 
tissue) or sensitivity (bleaching). 

At the time of excision, the shoot stems were dipped in Rootone® and 
placed m 2 inch (~ 5 cm) pots containing Metro-Mix 350 and placed in a closed 
humid environment. They were placed in a growth chamber at 24«C 16/8 hour 
photoperiod, 400 uEm-isec-2(HID lamps) for a hardening-off period of 
approximately 3 weeks. 

The seed harvested from plants is Ri seed which gives rise to Ri 
plants. To evaluate the glyphosate tolerance of an Ro plant, its progeny are 
evaluated. Because an Ro plant is assumed to be hemizygous at each insert 
location, selfing results in maximum genotypic segregation in the Ri. Because 
each insert acts as a dominant allele, in the absence of linkage and assuming 
only one hemizygous insert is required for tolerance expression, one insert 
would segregate 3:1, two inserts, 15:1, three inserts 63:1, etc. Therefore, 
relatively few Ri plants need be grown to find at least one resistant phenotype. 

Seed from an Ro plant is harvested, threshed, and dried before planting 
in a glyphosate spray test. Various techniques have been used to grow the 
plants for Ri spray evaluations. Tests are conducted in both greenhouses and 
growth chambers. Two planting systems are used; ~ 10 cm pots or plant trays 




38-21(10660)A 



containing 32 or 36 ceUs. Soil used for planting is either Metro 350 nl. 

types of slow release fertiUzer or plant Metro 350 Irri^^ f ^ ^ 

in greenhouses or sub-irrigationL ^^ZT^'^T " "^"""^ 

'mganon in growth chambers. Fertilizer is annli^i 
reqmred m irrigation water. Temnerat,™ applied as 

J A "°''"**^"8™« appropriate for canota were 

maintained. A sixteen hour photoperiod was maintained At the ^ T^r 

flowering. plants^t^nsplantedto-xaompotsforseedpl^^ 

plants. Each batch also includes sprayed and unsprayed non-trans^ni 
gen^ypes representing the genotypes in the particula; batch Vrh r: 
putalavely ^fonned. Also included in a batch is one or more no„.seg«gaZ 
transfonned geno.^ previously identified as having some r^istancT^^ 
Two-six plants from each individual R, progeny are not sprayed and 
serve as controls to compare and measure the glyphosaU tolerance, as weU as 
to assess any variability not induced by the glyphosate. When the other plants 
reach the 2-4 leaf stage, usually 10 to 20 days after planting, glyphosate is 
apphed at rates vai^ng from 0.28 to 1.12 k^, depending on objectives of the 
study. Low rate technology using low volumes has been adopted. A laborato^ 
track sprayer has been calibrated to deliver a rate equivalent to field 
conditions. 

A scale of 0 to 10 is used to rate the sprayed plants for vegetative 
resistance. The scale is relative to the unsprayed plants from the same R, 
plant. A 0 is death, while a 10 represents no visible difference from the 
unsprayed plant. A higher number between 0 and 10 represents progressively 
less damage as compared to the unsprayed plant. Plants are scored at 7 14 
and 28 days after treatment (DAT), or until bolting, and a line is given thj 
average score of the sprayed plants within an plant family. 
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0: No floral bud deTClopment 

noral buds present, but aborted prior to opening 
Ho^rs open, but no antbers. or antbers ^, to e^e paat 

Sterile anthers 
Partially sterile anthers 
Fully fertile flowers 

Enremion of fpsp« 

After the 3 week period, the tranafomied oanola plants were assaved fo 
the presence of gl^hosate-tolerant .^PS activity (aLyed iZ^^^ 
ofglyphosate at 0.5 mil). He results are shown in Table 4. """"'^ 



2 
4 

6: 
8: 
10: 
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Tabl«> VTJl 




Vector Control 

pMONl7110 

pMONl7110 

pMONl7110 

pMON17110 

pMON17110 

pMON17110 

pMON17110 

pMONl7110 

pMON17116 

pMON17116 

pMONl7116 

pMON17116 

pMON17116 

pMON17116 

pMON17116 

pMON17116 

pMON17116 

pMONl7116 



Plant # 

41 

52 

71 

104 

172 

177 

252 

350 

40 

99 

175 

178 

182 

252 

298 

332 

383 

395 



% resistant EPSPS activity 

of Leaf extract 

(at 0.5 mM glyphosate) 

0 

47 

28 

82 

75 

84 

85 

29* 

49 

25 

87 

94 

43 

18 

69 

44' 

89 

97 

52 



*assayed in the presence of 1.0 mM glyphosate 

Ri transformants of canola were then grown in a growth chamber and 
sprayed with glyphosate at 0.56 kg/ha (kilogram/hectare) and rated 
vegetatively. These results are shown in Table IXA - KC. It is to be noted that 
expression of glyphosate resistant EPSPS in all tissues is preferred to observe 
optimal glyphosate tolerance phenotype in these transgenic plants. In the 
Tables below, only expression results obtained with leaf tissue are described. 
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Op 

p (PMON17U0 = P.E35S; pMOmme = P.FMV36S; El planU; 

\ Spray rate = 0.56 kg/ha) 



resistant 



Vegetative 

Vector/Plant No. EPSPS* 7^ 

^ . «r AiSiEa. day 7 day 14 

Control Westar o 

pMONl7110/41 47 

PMON17110/71 82 

PM0N171 10/177 85 

pMONl7116/40 25 

PMON17116/99 87 

pM0Nl71 16/175 94 

pM0Nl71 16/178 43 

PMON17116/182 18 

pMONl7116/383 97 



5 3 

6 7 
6 7 
9 10 
9 9 
9 10 
9 10 
6 3 



9 10 
9 10 
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-canalafii^ianafaniia^ 



(PMON17131 = P-FMV35S; Rl plants; Sp: 



ray rate = 0.84 kg/ha) 



Vector/Plant No. Vegetative see,.- Reproductive score 



17131/78 

17131/102 

17131/115 

17131/116 

17131/157 

17131/169 

17131/255 

control Westar 



dav 14 

10 
9 
9 
9 
9 

10 
10 
1 



dav 2fi 

10 

10 

10 

10 

10 

10 

10 

0 



(P-E35S; R2 Plants; Spray rate = 0.28 kg/ha) 

Vegetative 



Vector/Plant No. 

Control Westar 

pMON899/715 

pMON899/744 

pMON899/794 

pMON899/818 

pMON899/885 



% resistant 
EPSPS* 

0 

96 
95 
86 
81 

57 



dav 7 dav 14 



4 
5 
8 
6 
7 
7 



2 
6 
8 
4 
8 
6 



% resistant EPSPS activity in the presence of 0.5 mM glyphosate 
vegetative score of 10 indicates no damage, a score of O^is given to a dead 



The data obtained for the Class II EPSPS transformants may be 
compared to glyphosate-tolerant Class I EPSP transformants in which the 
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same promoter is used to express the EPSPS genes and in which the level of 
glyphosate-tolerant EPSPS activity was comparable for the two types of 
transformants. A comparison of the data of pMONlTUO [in Table KAI and 
pMOm7131 CTable KB] with that for pMON899 (in Table KC; the Class I 
gene in pMON899 is that from A thaliana (Klee et al., 1987) in which the 
glycme at positioalOl was changed to an alanine] illustrates that the Class H 
EPSPS is at least as good as that of the Class I EPSPS. An improvement in 
vegetative tolerance of Class H EPSPS is apparent when one takes into 
account that the Class II plants were sprayed at twice the rate and were 
tested as Ri plants. 



The construction of two plant transformation vectors and the 
transformation procedures used to produce glyphosate-tolerant canola plants 
are described in this example The vectors, pMON17209 and pMON17237, 
were used to generate transgenic glyphosate-tolerant canola lines. The vectors 
each contain the gene encoding the 5-enol-pyruvyl-shikimate-3.phosphate 
synthase (EPSPS) from Agrobacterium sp. strain CP4. The vectors also 
contain either the ^rox gene encoding the glyphosate oxidoreductase enzyme 
(GOX) from Achromobacter sp. strain LBAA (Barry et al, 1992) or the gene 
encoding a variant of GOX (GOX v.247) which displays improved catalytic 
properties. These enzymes convert glyphosate to aminomethylphosphonic 
acid and glyoxylate and protect the plant from damage by the metabolic 
inactivation of glyphosate. The combined result of providing an alternative, 
resistant EPSPS enzyme and the metabolism of glyphosate produces 
transgenic plants with enhanced tolerance to glyphosate 

Molecular biology techniques. In general, standard molecular biology 
and microbial genetics approaches were employed (Maniatis et aL, 1982). 
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(X987). Hant-preferred genes were synthesized and the sequence consJL 

Hant tra.«rf„r™.«„„ vector. The following describes the general 
features of the plant transfonnation vectors that were modified Tfl^ 
vector PMON17209 and pMOm7237. I^e ^o6ac.W„. le^J 
transfonnation actors contain the following well-characterited ml 
stents w^ch are required for repUcation and function of the 
^ZTT 1«89,. Thefirstsegmentistheci 

f ; • I' " jo"^' to 'he 0.75 kb 

«^n of rephcat^on (oriVy derived fron. the broad-host range plasnud EK2 

PBB322 wh:ch prov,des the origin of repUcation for nuuntenance in eZu and 
the 60^ site for the coronal transfer into the Agrobact^riun, UunefacUns 
cells (Bohvar et al., 1977). TTus is fused to the 0.93 kb fragment isolated from 
transposon Tn7 which encodes bacterial spectinomycin and streptomycin 
resistance (PTing al., 1985), a determinant for the selection of the plaamids in 
t "^"'l I' - rused to the 0.36 kb PvuLBcll fragment from 
the pTiT37 plasmid which contains the nopaline-type T-DNA right border 
region (Fraley et al., 1985). Several chimeric genes engineered for plant 
egression can be introduced between the Ti right and left border regions of the 
vector. In. addition to the elements described above, this vector also includes 
the 36S promoter/NPTiraoS 3' cassette to enable selection of transformed 
plant tissues on kanamycin (Klee and Rogers, 1989; Fraley et al., 1983- and 
Odell, et al., 1985) within the borders. An "empty" expression cassette is' also 
present between the borders and consists of the enhanced E35S promoter 
(Kay etal.. 1987), the 3' region from the small subunit of RUBPcarboxylase of 
pea ( E9) (Coruzz, etal.. 1984; Morelli et al., 1986), and a number of restriction 
enzyme sites that may be used for the cloning of DNA sequences for 
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expression in plants. The plant transformation system based on 
^robacterium tumefaciens delivei^ has been reviewed (Klee and J^TlZ 
Fraleye^a., 1986). The ^;.6ac.en,. niediated transfer and inte^^^ 
the vector T-DNA into the plant chromosome results in the expr^CfThe 
chnnenc genes conferring the desired phenotype in plants. 

Bacteriallnocul^ ^« ^--^ are mobilized into A^6acfe„„^ 
tumefac^nsstr^^ ABI by the triparental conjugation system using the helper 
Plasmid PRK2013 (Ditta etal, 1980). The ABI strain contains the disarmed 
pTiC58 plasmid pMP90RK (Koncz and Schell, 1986) in the chloramphenicol 
resistant derivative of the A^o6actermm tumefaciens strain A208. 

IWorination procedure, ^-o^ac^mu^ inocula were grown overnight 
at 280C in 2 ml of LBSCK (LBSCK is made as follows: LB liquid medium [1 
hter volume] = 10 g NaCl; 5 g Yeast Extract;10 g tryptone; pH 7.0, and 
autoclave for 22 minutes. After autoclaving, add spectinomycin (50 mg/ml 
stock) - 2 ml, kanamycin (50 m^/ml stock) - 1 ml, and chloramphenicol (25 
mg/ml stock) - 1 ml.). One day prior to inoculation, the Agrobacterium was 
subcultured by inoculating 200iil into 2 ml of fresh LBSCK and grown 
overnight. For inoculation of plant material, the culture was diluted with MSO 
liquid medium to an A^eo range of 0.2- 0.4. 

Seedlings oiBrassica napus cv. Westar were grown in Metro Mix 350 
(Hummert Seed Co., St. Louis, Mo.) in a growth chamber with a day/night 
temperature of 15/10°C, relative humidity of 50%, 16h/8h photoperiod, and at 
a light intensity of 500 ^mol m -2 sec-i. The plants were watered daily (via 
sub-irrigation) and fertilized every other day with Peter s 15:30:15 (Fogelsville, 
Pa.). 
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those .IZeTS asZVT' ~™««o-' P"toeol foUow 

„h ■ t Pl«"« were harvested 

removed and the 4-5 mches of stem below the flower buds were used as the 
aslant tissue sour™. FoUowing steriHzation with 70% ethanol forT . 
38. C:^ f .0 ^u, the stems were H.ed thr,e tj^^^^^^at 
and cut .nto 5 mm-l„„g segments (the orientation of the basal end of theTl 
segmen s was noted,. r,e plant material was incubated for 5 ^2 ^ 
*e diluted A^rotacteriu. culture at a rate of 5 ml of culture per 5 stZ^ 
The suspension of bacteria was removed by aspiration and the e^lant^^ 
placed basal side down - for an optimal shoot regeneration respol - onto " 
cul ure lates (1.10 MSO soHd medium with a 1.5 ml Lacco 2Z 
diploid) hquid medium overlay and covers! with a sterile 8.5 cm filter paper) 
Fifty-to-surty stem explants were placed onto each co^ulture plate. 

After a 2 day co-culture period, stem eicplants were moved onto MS 
medium containing 750 mg/1 carbeniciUin, 50 mg^ cefotaxime, and 1 mg/I BAP 
(benzylaminopurine) for 3 days. The stem explants were then placed for two 
periods of three weeks each, again basal side down and with 5 explants per 
plate, onto an MS/0.1 mM glyphosate, selection medium (also containing 
carbemcUin, cefotaxime, and BAP (The glyphosate stocit [0.5M] is prepared as 
described in the following: 8.45 g glyphosate [analytical grade] is dissolved in 60 
ml deionized water, adding KOH pellets to dissolve the glyphosate, and the 
volume is brought to 100 mi following adjusting the pH to 5.7. The solution is 
fllter-sterilized and stored at 4°C). After 6 weeks on this glyphosate selection 
medium, green, normally developing shoots were excised from the stem 
explants and were placed onto fresh MS medium containing 750 mg/1 
carbeniciUin. 50 mg/1 cefotaxime, and 1 mg/1 BAP, for further shoot 
development. When the shoots were 2-3 inches tall, a fresh cut at the end of 
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the stem was made, the cut end was dipped in Root-tone, and the shoot w 
Placed in Metro Mix 350 soil and allowed to haxxien-off for wl^ 

Construction of CanoU transformation vector pMONl7209 

The EPSPS gene was isolated originally from Agrobacterium sp. strain CP4 
^e^cpressesahighlytolerantenzyme. Tl^e original gene contains sequences 
that could be .nnmcal to high expression of the gene in some plants Tl.ese 
sequences include potential polyadenylation sites that are often A.T rich a 
higher G.C% than that frequently found in dicotyledonous plant genes (63% 
versus ^50%, concentrated stretches of G and C residues, and codons thT: 

CpI EPSpT" P^-^ high G.C% in the 

CP4 EPSPS gene could also result in the fonnation of strong hairpin structures 
that may afiFect expression or stabiUty of the RNA. A plant preferred version 
of the gene was synthesized and used for these vectors. This coding sequence 
was expressed in E. coli from a PRecA-genelOL vector (OUns et al., 1988) and 
the EPSPS activity was compared with that from the native CP4 EPSPS 
gene. The appK^, for PEP for the native and synthetic genes was 11.8 nM and 
12.7 ^iM, respectively, indicating that the enzyme expressed from the 
synthetic gene was unaltered. The N-terminus of the coding sequence was 
then mutagenized to place an Sphl site (GCATGC) at the ATG to permit the 
construction of the CTP2-CP4 synthetic fusion for chloroplast import. This 
change had no apparent effect on the in vivo activity of CP4 EPSPS in E. coli 
as judged by complementation of the aroA mutant. A CTP-CP4 EPSPS fusion 
was constructed between the Arabidopsis thaliana EPSPS OTP (Klee et al., 
1987) and the CP4 EPSPS coding sequences. The Arabidopsis OTP was 
engineered by site-directed mutagenesis to place a Sphl restriction site at the 
CTP processing site. This mutagenesis replaced the Glu-Lys at this location 
with Cys-Met. The CTP2-CP4 EPSPS fusion was tested for import into 
chloropiasts isolated from Lactuca sativa using the methods described 
previously (della-Cioppa et al., 1986: 1987). 
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The GOX gene that encodes the glyphosate metabolizing enzyme 
g^hosate oxidoreductase (GOX) was cloned originally ft.m Achromobacter sp 
s^a^nLBAA Hallas.a/., 1988; Bany .a/., 1992). Tl.e .ox gene fi.m^ 
LBAA was also resynthesized in a plant-preferred sequence version and in 
which many of the restriction sites were removed (PCT Appln No WO 
92/00377). GOX protein is targeted to the plastids by a fJion betwZ 
the C-tenmnusofaCIPandtheN-terminusofGOX A CW, derived from the 
™ Ara6^ps^ thalU^na (Timko et aL, 1988) was used. Ms 
OTP (CTPl) was constructed by a combination of site-directed mutageneses 
The CTPl is made up of the SSUIA OTP (amino acids 1-55). the first 23 
ammo adds of the mature SSUIA protein (56-78). a serine residue (amino add 
79), a new segment that repeats amino adds 50 to 56 from the OTP and the 
first two from the mature protein (amino acids 80-87), and an alanine and 
methionine residue (amino add 88 and 89). An ATcoI restriction site is located 
at the 3- end (spans the Met89 codon) to facihtate the construction of predse 
fusions to the 5' of GOX At a later stage, a Bglll site was introduced 
upstream of the N-terminus of the SSUIA sequences to fadlitate the 
introduction of the fusions into plant transformation vectors. A fusion was 
assembled between CTPl and the synthetic GOX gene. 

The CP4 EPSPS and GOX genes were combined to form pMON17209 as 
described in the following. The CTP2.CP4 EPSPS fusion was assembled and 
inserted between the constitutive FMV35S promoter (Gowda et al., 1989; 
Richins etaL., 1987) and the E9 3' region (Coruzzi et aL, 1984; MorelH et aL, 
1985) in a pUC vector (Yannisch-Perron et aL, 1985; Vieira and Messing, 1987) 
to form pMONl7190; this completed element may then be moved easily as a 
Notl-Notl fragment to other vectors. The CTPl-GOX fusion was also 
assembled in a pUC vector with the FMV35S promoter. This element was 
then moved as a HmdIII-SamHI fragment into the plant transformation 
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vector PMON10098 and joined to the E9 3' region in the process The 
resultant vector pMON17193 has a single Notl site into which the 
FMV 35S/CTP2.CP4 EPSPS/E9 3' element from pMON17190 was doaed to 
orn. PMON17194. n.e kanan.ycin plant transfonnation selection ^ 
(FWey et al.. 1985) was then deleted from pMON17194, by cutting with Xhol 
and re-Ugating, to form the pMON17209 vector (Figure 24). 

Construction of Canola transformation vector pMONl7237. 

TheGOX enzyme has an apparent Km for glyphosate [appK„(glyphoaate)] of 
-25 mM. In an effort to improve the effectiveness of the glyphosate metabolic 
rate m planta, a variant of GOX has been identified in which the 
appK„,(glyphosate) has been reduced approximately 10-fold; this variant is 
referred to as GOX v.247 and the sequence differences between it and the 
onginal plant-preferred GOX are illustrated in PCT Apphi. No. WO 92/00377. 
The GOX v.247 coding sequence was combined with CTPl and assembled with 
the FMV35S promoter and the E9 3' by cloning into the pMON17227 plant 
transformation vector to form pMON17241. In this vector, effectively, the 
CP4 EPSPS was replaced by GOX v.247. The pMON17227 vector had been 
constructed by replacing the CTPl-GOX sequences in pMON17193 with those 
for the CTP2-CP4 EPSPS, to form pMON17199 and followed by deleting the 
kanamycin cassette (as described above for pMON17209). The pMON17237 
vector (Figure 25) was then completed by cloning the FMV35S/CTP2-CP4 
EPSPS/E9 3' element as a Notl-Notl fragment into pMON17241. 
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Soybean plants were transformed with the pMON13640 (Figure 15) 
vector and a number of plant lines of the transformed soybean were obtained 
which exhibit glyphosate tolerance. 

Soybean pknts are transformed with pMON13640 by the method of 
nncroprojectile injection using particle gun technology as described in Christou 
etal. (1988). The seed harvested from plants is seed which gives rise to 
Ri plants. To evaluate the glyphosate tolerance of an Ro plant, its progeny are 
evaluated. Because an R, plant is assumed to be hemizygous at each insert 
location, selfing results in maximum genotypic segregation in the Ri. Because 
each insert acts as a dominant allele, in the absence of Unkage and assuming 
only one hemizygous insert is required for tolerance expression, one insert 
would segregate 3:1, two inserts, 15:1, three inserts 63:1, etc. Therefore 
relatively few R^ plants need be grown to find at least one resistant phenotype.' 

Seed from an Ro soybean plant is harvested, and dried before planting in 
a glyphosate spray test. Seeds are planted into 4 inch (~5 cm) square pots 
containing Metro 350. Twenty seedlings from each Ro plant is considered 
adequate for testing. Plants are maintained and grown in a greenhouse 
environment. A 12.5-14 hour photoperiod and temperatures of 30«C day and 
24°C night is regulated. Water soluble Peters Pete Lite fertiHzer is appUed as 
needed. 

A spray "batch" consists of several sets of Ri progenies all sprayed on 
the same date. Some batches may also include evaluations of other than Ri 
plants. Each batch also includes sprayed and unsprayed non-transgenic 
genotypes representing the genotypes in the particular batch which were 
putatively transformed. Also included in a batch is one or more non-segregating 
transformed genotypes previously identified as having some resistance. 

One to two plants from each individual Ro progeny are not sprayed and 
serve as controls to compare and measure the glyphosate tolerance, as well as 
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to assess variability not induced by the glyphosate. When the other nlants 

reach «,efi:^«oUate leaf sta.e.ua„ai,y2-3week3 after plantin^*^^^^ 
.s apphed at a rate equivalent of X28 o.Vacre (8.895 M.a) of 1^^^^ 
aborato^T track sprayer has been caUbrated to deUver a rate equivale^' t 
those conditions. H«"vjueni: to 

A vegetative score of 0 to 10 is used. The score is relative to the 
unsprayed proge^es from the same plant. A 0 is death, while a 10 
represents no visible difference from the unsprayed plant. A higher number 
between 0 and 10 represents progressively less damage as compared to the 

(DAT). The data from the analysis of one set of transformed and control 
soybean plants are described on Table X and show that the CP4 EPSPS gene 
imparts glyphosate tolerance in soybean also. 



tsansfsxmsBis. 

(P.E35S, P.FMV35S; RO plants; Spray rate = 128 oz^acre) 

dajLl 4aY H dav 2fi 



13640/40-11 5 
13640/40-3 9 



6 7 
10 10 



13640/40-7 4 7 

control A5403 2 1 Q 

control A5403 1 1 Q 



7 



Example 4 

The CP4 EPSPS gene may be used to select transformed plant material 
directly on media containing glyphosate. The ability to select and to identify 
transformed plant material depends, in most cases, on the use of a dominant 
selectable marker gene to enable the preferential and continued growth of the 
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probably the most frequently used It hi h . 

ppqpQ . , ^ ^ " been demonstrated that CPA 

EPSPS IS also a useful and perhaps superior selectable marke^T « 

schemeforproducm^^didentifyingtransfonnedplants. ^ 

A plant transformation vector that may be used in fK- u 

esCBed i^a a„a essentia,,, composed of t Jp.^ous . .^^ 
bactena^ ^pacon system that enables this p,asn^d to replicate iL. 
to be .ntroduced .nto and to repUcate in^6ac^, the bacterial sellwe 
marker gene (Spc/Str). and located between the T-DNA right border a^l 
border .s the CTP2.CP4 synthetic gene in the PT^35S proml^^t 
cassette. This p,asn>id a,so has single sites for a nnn.ber of regi on 
™s located Within the bonlers and outside of the e:^„,sio„ cass^^ 
Uns makes .t possible to easily add other genes and genetic elements to the 
vector for mtroduction into plants. 

The protocol for direct selection of transformed plants on glyphosate is 
outhned for tobacco. Explants are prepared for pre-culture as in the standard 
procedure as described in Example 1: surface sterilization of leaves from 1 
month old tobacco plants (15 minutes in 10% clorox + surfactant; 3X dHgO 
washes); explants are cut in 0.5 x 0.5 cm squares, removing leaf edges, mid-rib 
tip. and petiole end for unifonn tissue type; explants are placed in single layer' 
upside down, on MS104 plates + 2 mi 4C005K media to moisten surface; pre- 
culture 1-2 days. Explants are inoculated using overnight culture of ^ro6ac- 
terium containing the plant transformation piasmid that is adjusted to a titer 
of 1.2 X 109 bacteria/ml with 4C005K media. Explants are placed into a 
centrifuge tube, the Agrobacterium suspension is added and the mixture of 
bacteria and explants is ' Vortexed" on maximum setting for 25 seconds to 
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ensure even penetration of bacteria TIip ho^f^ • 

bacteria. The blotted ey„l»„, , ^ ^"^^ P^P" <» «»ove excess 

The presence of the CP4 EPSPS protein in these transformed tissues 
has been confirmed by immunoblot analysis of leaf discs. The data from r 
e:cpenn.ent with pMOm7227 is p^sented in the foUowin^Tss t^^^Z 

^i/«vroftr ^--^ 

PMON17227, 97 of these were positive on recallusing on glyphosate. 
Tlese data ,nd,cate a transformation rate of 24 per 100 explants, which 
makes t^s a highly efficient and time saving transformation procedure f^ 

PMON17131 and d^ct selection of transfonnants on glyphosate with the CP4 
EPSPS genes has also been shown in other plant species, including 
Ara6,<iops,s, soybean, com, wheat, potato, tomato, cotton, lettuce and' 
sugarbeet. 

The piMON17227 plasmid contains single restriction en^e recognition 
cleavage sites iNotl, Xhol, and BstXI ) between the CP4 glyphosate selection 
region and the left border of the vector for the cloning of additional genes and to 
facilitate the introduction of these genes into plants. 
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phosphotransferase type II ,e„e t! 11 ""'"^ "'^ "^""^"^ 

This plasmid was usl^ to / ! ^"'"^ 
eontaLng the ; ealmorer: ^ ~ 
with a dupUoation o the 9oT 
*a^e„tcontai.„,rr::r:::^^^^^^^^^ 

region, followed by a polylinker and th r ! ""translated leader 

nopaane synthase <NOS) rrrC T^r.T^'^T'' 

rrirdrfr:;?!^^^^^^^^^^^^^ 

EPSP ,™.h """^"^ '"^"^"^^ '■"^ "a^^rial CP4 

iLftif synthase was insertprf info 

inserted into the monocot expression cassette in the 
polyhnker between the intron anH fh^ Ktr^c . • 

I -J ^"""^^^^^^S^^e^nation sequence to form the 

plasmid PMON19653 (Figure 17). 

PMON19653 DNA was introduced into Black Mexican Sweet (BMS) ceUs 
fo'rT fT"'"^ With EC9, a plasmid containing a sulfonyiurea-resistant 
form of the maize acetolactate synthase gene. 2.5 mg of each plasmid was 
coated onto tungsten particles and introduced into log-phase BMS cells usinga 
PDS-1000 particle gun essentially as described (Klein et aL, 1989) 
Transformants are selected on MS medium containing 20 ppb chlorsulfuron 
After imtial selection on chlorsulfuron, the calli can be assayed directly by 
Western blot. Glyphosate tolerance can be assessed by transferring the calli to 
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CP4 ft^rP^OQo^^T, 



284 


0.006 % 


287 


0.036 


290 


0.061 


295 


0.073 


299 


0.113 


309 


0.042 


313 


0.003 



To measure CP4 EPSPS expression in com callus, the followini, 

we.ght. 100 Tris, 1 ^ EDTA. 10* glycerol, was added. n.e tissu^wt 
h.mo«e„.ed w,th a Wheaton overhead stirrer for 30 seconds at 2.8 Tow" 
setfng After centrifugation (3 minutes, Eppendorf mlcroft^ge) ThI 
super^tant was removed and the protein was <,uantitated (BioHad P™,1 
Assay). Samples (50 ^^well) were loaded on an SDS PAGE gel (Jule 3-17%, 
along w.th CP4 EPSPS standard (10 ng,, electrophoresed, Jd tr::!^err^!^ 
mto,ce Mose similarly to a previously descHbed method (Padgette. 1987, 'n.e 
m^oce l^ose blot was probed with goat anti.CP4 EPSPS IgO, and de Jlo^ 
w,th 1-125 Protem G. The radioactive blot was visuahzed by autoradiography 
Results were quantitated by densitometry on an LKB UltraScan a iLr 
densitomer and are tabulated below in Table X 



n 
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19653 
19653 



253 
254 



■ GlYpho«^ntp roMistowi^^ in p p| | c ^ cn.^ ^ ^^^^^^ 
^'"''rlVfWlPfflfTy 

#chlorsii|fi,|v.^- 



EC9 control 253/254 



120 

80 

8 



# Crosa-rAf^lc^^p^^ 
to Glvpt^^fip)^^ 



81/ 120 67.5 % 

37/80 = 46% 
0/8 = 0% 



Improvements in the e^cpression of Class II EPSPS could also be 
adneved by exp„ssin« tbe gene using stronger plant p„n.„te„, usin^ 
pob^a enylat,on signal sequences, optimizing the se,ueno s ar^^Hh! 
.n.t.at.c„ oodon for ribosome loading and translation initiation I t 
combmauon of these or other expression or regulatory sequences or fal^ ' 

The plant- expressible genes encoding the CP4 EPSPS and a glyphosate 
ox^doreductasease enzyme (PCT Pub. No. WO92/00377) were introduced into 
embryogenic com callus through particle bombardment. Plasmid DNA was 
prepared using standard procedures (Ausubel et aL, 1987). cesium-chloride 
punfied, and re-suspended at 1 m^ml in TE buffer. DNA was precipitated onto 
MIO tungsten or 1.0, gold particles (BioRad) using a calcium 
chlonde/spermidine precipitation protocol, essentially as described by Klein et 
a/. (1987). The PDSIOOO® gunpowder gun (BioRad) was used. Callus tissue 
was obtained by isolating 1-2 mm long immature embryos from the "Hi-II" 
genotype (Armstrong et aL, 1991). or Hi-II X B73 crosses, onto a modified N6 
medium (Armstrong and Green. 1985; Songstad a/., 1991). Embryogenic 
callus («type.ir; Armstrong and Green, 1985) initiated from these embryos 
was maintained by subculturing at two week intervals, and was bombarded 
when less than two months old. Each plate of callus tissue was bombarded 
from 1 to 3 times with either tungsten or gold particles coated with the plasmid 
DNA(s) of interest. Callus was transferred to a modified N6 medium 
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containing an appropriate selective agent (either glyphosate or on 

the antibiotics kanamycin G4 1 « &^ypnosate, or one or more of 

bo.ba„i:nent, and then ^Cl^JHT"' '"'""^"^ 

post-bombardment. These resistant J 

mediun,, and samples were t^e^ f "° 

^generationfron-IisJtli? 
Petersen a/. (1992). 

as accompHshed esaentiaUy as described by 

In some cases, both gene(s) were covalently Hnked to^th. 
piasmid DNA molecule Tn n.K • together on the same 

particles. At a high frequency, as described in fh^ 
h.^^(e.,.Seh<,cher..., 1986), the differ^^^ 
.nto the .enon.e of the sa.e pUnt cell. Generally the Integration is 
a^ec^^osoo^ location in the Plant ceU, p.s^^^^ 
of the plasnnds pnor to .ntegration. Less frequently, the different plasmids 
m tegrate .nto separate chromosomal locations. In either case, there is 
.nte„ of both DNA molecules into the san.e plant cell, and 
produced from that cell. 

Transgenic com plants were produced as decribed above which 
contamed a plant^xpressible CP4 gene and a plant.e=cpressible gene encoding 
a glyphosate oadoreductase enzyme. 

The plant-expressible CP4 gene comprised a struaural DNA sequence 
encoding a CTP2/CP4 EPSPS fusion protein. TTie CTP2/CP4 EPSPS is a gene 
fus>o„ composed of the N-terminal 0.23 Kb chloroplast transit peptide 
sequence from the Arnbidopsis thaliana EPSPS gene (Klee etal. 1987, referred 
to herein as CTP2), and the C-term.nal 1.36 Kb S-enolpyruvylshikimate-S- 

phosphate synthase gene (CP4) frnm nr, ^^-^a * 

e yy.tr'i} irom an Agrobacterium species. Plant 
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expression of the gene fiision produces a pre-protein which is raniHl • 

into chloroplasts where the CTP i<, .In \ ^ ^^"^ "^^""^ "^P^^Y ^ported 

1986) r.l.«!- ^""^^ ^^^^^^^ (deUa.Cioppa et al 

1986) releasing the mature CP4 protein. " 

enz™?* «P«-ng a gl^hosate oridoreductase 

enzyme comprised a structual niSTA e,o«„ • . *cuuciase 

fuaion composed .r the "aTT r^^"™ T'''^^ ^'"^ 
, . ''cnninai Kb chloroplast transit DentirfA 

1988 reread to herein as CTPl), and the Ctenninal 1.3 Kb synthejc get: 

INO. WO92/00377 previously mcorporated by reference). The 
GOXsyn gene encodes the enzyme glyphosate oxidoreductase from an 

fo hT hT "^^"^ ""^^^ ^^^^^^^ °^^^^^osate 

^ herbicidally inactive products, aminomethylphosphonate and glyoxylate. 
Plant expression of the gene fusion produces a pre-protein which is rapidly 
imported into chloroplasts where the CTP is cleaved and degraded (della- 
Cioppa et aL, 1986) releasing the mature GOX protein. 

Both of the above described genes also include the following regulatory 
sequences for plant expression: (i) a promoter region comprising a 0.6 Kb 35S 
cauliflower mosaic virus (CaMV) promoter (Odell et aL, 1985) with the 
duphcated enhancer region (Kay et al., 1987) which also contains a 0.8 Kb 
fragment containing the first intron from the maize heat shock protein 70 gene 
(Shahei a/., 1985 and PCT Pub. No. W093/19189, the disclosure of which is 
hereby incorporated by reference); and (ii) a 3' non-translated region 
comprising a 0.3 Kb fragment of the 3' non-translated region of the nopahne 
synthase gene (Fraley et aL, 1983 and Depicker, et aL, 1982) which functions 
to direct polyadenylation of the mRNA. 

The above described transgenic corn plants exhibit tolerance to 
glyphosate herbicide in greenhouse and field trials. 
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The LBAA Class II EPSPS gene has been introduced into nl« . . 
also imparts glyphosate tolerance D«f« . u 

DMONl79n«r- a. ^ ^^^^^rance. Data on tobacco transformed with 

PMON17206 (infra) are presented in Table XHI 



0^ 



jq(0 labkj 




Uns. 



TDavRfltipgr 



33358 „ 
34586 X, 
33328 



9 



34606 Q 

33377 Q 

34611 ^ 
34607 



10 
9 
9 

Samsun (Control) 4 



34601 
34589 



From the foregoing, it wiU be recognized that this invention is one weU 
adapted to attain all the ends and objects hereinabove set forth together with 
advantages which are obvious and which are inherent to the invention 
It will be further understood that certain features and subcombinations are of 
utility and may be employed without reference to other features and 
subcombinations. This is contemplated by and is within the scope of the 
claims. Since many possible embodiments may be made of the invention 
without departing from the scope thereof, it is to be understood that all matter 
herein set forth or shown in the accompanying drawings is to be interpreted as 
illustrative and not in a limiting sense. 
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